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EDITORIAL COMMENT 


Jack Wood Sears has certainly pointed out a 
disturbing trend which is characteristic not only 
of many articles in Life but those in Reader’s 
Digest, Time , and Look. 

Shortly after this Life article appeared, my 
younger daughter entered the University of Cali¬ 
fornia hospital in San Francisco for an emergency 
operation. The many hopelessly sick people were 
a shocking and sobering sight after reading this 
article with its glowing promises that we would 
soon all have a greatly prolonged life free of pain 
and sickness. 

The gifts of God have given many men a 
knowledge and insight by which they can do 
much to cure sickness and relieve pain. But there 
are yet many areas presenting seemingly incur¬ 
able problems. Articles leading people to believe 
that an era practically free of disease and pain 
is close at hand are deceptively cruel. 

The paper by Henry M. Morris, though written 
primarily to show that human population in¬ 
crease was such that cities could easily have been 
built before the Flood as is recorded in Genesis 
4:17, also has a bearing on the evolutionary as¬ 
sumption that humanoid types have existed on 
earth for at least 100,000 years. 

Since the postulated superior animal forms 
able to make primitive tools would have quite 
an advantage, evidently they would be subject 
to the same laws of population growth as dis¬ 
cussed by Morris. Fossils of them should be so 
abundant in the more recently deposited rocks 
that detailed histories of their presumed evolu¬ 
tion would be abundantly clear. Instead after 
almost 100 years of searching, discoveries such as 
those of Leaky are still sensational, and present 
difficulties of interpretation for even dedicated 
evolutionists. 

Evan Shute has again summarized a remark¬ 
able series of unusual adaptations, each present¬ 
ing a real challenge to the concept of natural 
selection of randomly occurring mutations. He 
has promised a study in depth of one of the most 
intricate of these animals, the fungus-keeping 
ants, for one of our future quarterlies. 


I must plead guilty to being one of those sci¬ 
entists who had supposed that crystals were 
"pure," until reading Emmett Williams article on 
entropy. Now I am not blessed with much mathe¬ 
matical acumen, and he soon lost me trying to 
figure out the 13,000 combinations obtainable 
with 8 white and 8 black balls! Even so, it is 
not too difficult to see that solid states are far 
from perfect, and his illustrations make the vari¬ 
ous tendencies to disorder quite clear even to me. 

But what of the remaining orderliness we do 
see? Certainly, as he points out, it could not 
come about by the chance arrangement of atoms, 
even in the inorganic realm of nature, let alone 
the far more complex organic one. In fact one 
might rather facetiously say that the universe 
is so complicated it really does not exist, yet our 
senses keep telling us it is there! It is hard to 
understand how it could ever have been created 
by even a most intelligent Being, let alone 
"evolve" by its own momentum. 

Sometimes a book review becomes in reality 
an article, and this is true of Mrs. Rita Ward's 
excellent discussion of Schubert-Solden's book on 
Mechanism and Vitalism. Evidently scientists, 
who are not in our group, also seriously question 
many aspects of the currently popular material¬ 
istic approach. Various authors writing in such 
journals as the American Journal of Botany and 
the Canadian Journal of Genetics and Cytology 
point out discrepancies in various aspects of the 
materialistic evolutionary origin of diversity by 
the natural selection of mutations. Reviews of 
these criticisms will be presented in future quar¬ 
terlies. 

We welcome all contributions, and beg the 
patience of those who have sent in articles, as 
yet unpublished. They are scheduled in strictly 
acceptance order, except for those specially 
solicited as were those for the 1966 Annual. The 
strength of any society depends on the number 
and quality of the articles submitted by its mem¬ 
bers; so please write on the subjects which most 
closely occupy your attention. 

Walter E. Lammerts 

Editor 
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LETTER TO THE EDITOR 


(Note: In response to inquiry, H. L. Armstrong 
gives here a more extended form of a part of his 
argument presented in his article, "An Attempt 
to Correct for the Effects of the Flood in De¬ 
termining Dates by Radioactive Carbon," which 
appeared in the Creation Research Society Quar¬ 
terly of January, 1966. ) 

* X X 

The rate at which the concentration of a radio¬ 
active element, in particular carbon, present in 
something decreases, (if it is not being replen¬ 
ished by some other process), is dC/dt = — cc C, 
Here C is the concentration at any time t; and 
a is a constant, a property of the element; it 
might be called the constant of decay. 

The solution of the differential equation is C 
= Co exp ( — at). Here exp ( — at) means the 
number e = 2.718. . . raised to the power — at, 
and Co is the concentration at "time zero," i.e., 
when the experiment began, or the decay which 
we are investigating started. 

When C = Co/2, we say t = t H , so exp 
(- cc tjj) = '/ 2 , and thus t H is called the half- 
life. (Compare the time for an increasing popu¬ 
lation to double, as in The Genesis Flood, pp. 
396 et seq.). From the algebra of exponents, 
cct H = log e 2 = 0.69 about, and so a = log e 2 / 

t H or about 1/8000 for time in years, since t H 
seems to be about 5500 years for radioactive 
carbon. 

Thus we can say that log e (Co/C) = t/8000. 
So C is measured, Co assumed to be the same as 
the concentration in wood, or whatever it may be, 
growing today, and t is calculated and taken as 
the age. 

Suppose, though, that the sample to be tested 
started with a concentration of only Co/x, just 
1/x times what the same kind of tree, for ex¬ 
ample, would have today. Anyone assuming "uni- 
formitarianism" would put t = 8000 loge (Co/C), 
as what we might call the "indicated" age. 

Actually, though, at any time t, we have C = 
(Co/x) exp (- at), and from this Co/C = x 
exp ( a t), and log c ( Co/C ) = log e x + at. From 
this last expression t = (l/<x ) loge(Co/C) — 
(1/ cc ) log e x, and this takes the simple form t 
= t' — 8000 log e x. 

While t' was only the "indicated" age, t is the 
true age. If, for instance, x = 2.718 ... so that 
log e x = 1, then t = t' — 8000. Therefore, the 
"indicated" age would be 8000 years too great. 

The other assumption in my paper was that 
at any time after the Flood, the amount by which 


the average lifetime of men had decreased from 
950 years (the antediluvian standard) toward 
70 (the present standard) was proportional to the 
amount of radioactive carbon which had built 
up, and hence to 1/x for samples from that time. 

For instance, (Figure 1), in 2400 B. C., the 
average age, (i.e., the age to which, on the aver¬ 
age, a man maturing in 2400 B.C. might expect 
to live), was about 520. The average age had 
decreased by 430 years from the antediluvian. 
This decrease is (950 — 520)/(950 — 70) or 
430/880 of the total decrease. Therefore, the 
concentration in 2400 B.C. was 430/880 what it 
is now, and x, for samples from then, is 880/430. 

Similarly, in 2200 B. C., the average age was 
190, the decrease 760 years, the concentration 
760/880 times the present, and x = 880/760. 
And in 1500 B.C. the age was 100, and x = 
880/850. 

While the assumption about the relation be¬ 
tween age and concentration of radioactive car¬ 
bon remains, of course, an assumption, it seems 
plausible, and any similar assumption would give 
a similar graph. 

May I add two more remarks? First, to anyone 
who may be interested in brushing up on the 
calculus involved here, the book Calculus Made 
Easy by Silvanus Thompson, published by Mac¬ 
millan, or St. Martin's Press, New York, is recom¬ 
mended. The kind of thing considered here is 
treated especially in Chapter XIV. 

Secondly, it may be noted that the "exponen¬ 
tial" decay considered here is only one possibility 
(mathematically, anyway). Suppose, for in¬ 
stance, that the disintegration of an atom is in¬ 
fluenced by its neighbors. Fet the probability 
be proportional to the number of neighbors 
within a certain distance; then the rate of de¬ 
crease of concentration will be proportional to the 
square of the concentration. 

Thus, dC / dt =— a C 2 , and the solution is 
C = Co/(l -f-Co oc t). For t, small, this gives 
about the same numbers as the exponential case, 
as can be seen by trial, but for t, larger, the re¬ 
sults differ quite a bit. 

This kind of behaviour is common in chemical 
kinetics, in the speed of reactions. It seems not 
to be expected in radioactive decay. If the times 
to decay-and hence the half lives-are short, the 
exponential behaviour can be checked by experi¬ 
ment. If the times are hundreds of years or more 
this cannot be done; the exponential behaviour 
seems just to be taken for granted. 
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A DISTURBING TREND 

Jack Wood Sears 

Department of Biology, Harding College, Searcy, Arkansas 


A trend, gaining general acceptance in con¬ 
temporary practice, even in the ranks of scientists, 
might be entitled "The Call to Prophecy." Sci¬ 
entists and self-appointed spokesmen for science 
from among non-scientists are boldly predicting 
the future. One recent example is an article in 
Life, "The New Man, What Will He Be Like?" 1 

Traditionally scientists have been disturbed by 
the tendency of reporters to "put words in their 
mouths" and to sensationalize the news of sci¬ 
entific endeavors. But now it seems that re¬ 
spected scientists have turned from their fields 
of competence and have taken up the "mantle 
of Elijah." 

Of course it has always been the prerogative 
of men to try to look into the future. Some sci¬ 
entists have always been blessed by ability to see 
more meaning and greater possibilities in the 
"facts" and concepts of science than their fellows, 
but until recently these insights have been ex¬ 
pressed in careful terms. It was left to men like 
Jules Verne to present the "wild predictions" in 
pseudo-scientific novels. 

Scientists Predict Without Caution 

Now, however, scientist seems to vie with sci¬ 
entist to "out predict" each other. This would be 
only amusing and no one would be disturbed, 
if at the same time, these men did not use their 
prestige as scientists to give substance to their 
dreams so that the lay public is impressed and 
takes the predictions as "scientific truth." 

The Life article referred to does contain an oc¬ 
casional phrase of caution. In dealing with the 
dream that scientists may in the future be able to 
culture whole organs and complete human beings 
so that, "A living creature would be printed in 
hundreds, in thousands of copies, all of them real 
twins," 2 the author does point out, "It is, of 
course, a very long way from carrots to people, 
and Steward cautions that animal and human 
cells may behave differently." 3 The general im- 
ression is that it is just a matter of time. We 
now enough now, just give us time to overcome 
technical difficulties. 

Certainly no one can say what is possible in the 
future. When I first started the study of science, 
only those "wild visionaries" among us even 
dreamed of the advancement to be made in our 
scientific understanding. It is hard to compre¬ 
hend the progress toward "subduing the earth" 
that has been made in the last two or three 
decades. 

Further, I would strongly oppose any attempt 
to limit the thoughts and dreams of scientists or 
others. The visionaries in each generation have 


blessed humanity. It is not the dreams that dis¬ 
turb, but the tendency to throw caution to the 
wind and wildly predict in terms that say to the 
uninformed that "these things are sure to be," and 
then go on to attempt to undermine our spiritual, 
religious, and ethical foundations by implying 
that "these things that are sure to be" will make 
all this other obsolete. Scientists who do this are 
not acting as scientists. They are leaving their 
sphere of competence to flounder in areas of ob¬ 
vious incompetence. 

Materialism Emphasized 

Another area of concern is the materialism on 
which the whole article is based. This is indi¬ 
cated all through the article in such statements 
as follows: 

"As man's knowledge takes on new dimensions, 
hardly any human concept or value will remain 
sacrosanct. Health and disease, youth and age, 
male and female, good and evil-all these will 
take on transformed meaning. Life and death 
will have to be redefined. Family relationships 
will be quite different. Even individual identity 
may be hard to ascertain." 4 

"Could the concept of the soul become barren 
of meaning, and would some other theological 
concept have to be substituted for it?" 5 

"The growing movement is called Scientific 
Humanism . . ." 6 

"Many biologists are hopeful that the revela¬ 
tions of biology itself will give us new and pro¬ 
found insights into the true nature of man, allow¬ 
ing us to draw up laws and ethical systems that 
are consistent with that nature," 7 

The discussion concerning DNA and heredity 
and learning is predicated on the assumption that 
man is simply an animal, and upon an equally 
erroneous assumption that man can direct his 
own way and "play God," 8 Dr. Jack Kevorkian's 
proposal that we use condemned criminals for 
human experimentation "under anesthesia-never 
again to awaken" 5 is presented with only the re¬ 
mark that Dr. Page disagrees in this matter on 
the basis of "grave moral misgivings." 1 " All of 
this ignores the spiritual realm and accepts as 
true the rank materialism of men like Julian 
Huxley. 

Truth Not Material Alone 

It is a fact that science can deal only with ma¬ 
terial things. As scientists, acting as scientists, we 
cannot experiment with the spiritual. We must, 
as scientists, act as if there were no other realm 
but the material. This does not mean, however, 
that we do not recognize that there are other 
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realms of reality and truth. To do so would be 
foolish. 

A baseball player must abide by the rules of 
the game of baseball while playing baseball, but 
he certainly does not deny that there is another 
game called football when he does so. Scientists 
can work only with "matter in motion." Concepts 
of spirit, soul, right or wrong, good or bad, ethi¬ 
cal conduct or esthetic values are not and can 
never be in the area of science. Yet the article 
ignores this fact and many of the scientists quoted 
have also failed to recognize it or, like Huxley, 
they have espoused the faith of militant material¬ 
ism. 

Of course it is scientifically impossible to prove 
the existence or non-existence of the non-material 
realm; just as, it is scientifically impossible to 
prove that George Washington was the first presi¬ 
dent of the United States. The first is in the spirit¬ 
ual realm and the latter in the historical. Ma¬ 
terialism, a philosophy much older than this 


scientific age, has failed to satisfy the human 
mind and to explain the basic facts of existence. 
The end of materialism is complete chaos. There 
is no knowledge, no right or wrong, no "ought," 
no purpose in all the universe. 

My chief regret is that the article and others 
like it lends support to materialism and to the 
concept that man can and will "play God" and 
direct his own destiny. One is reminded, with 
a shudder, of the arrogance of the builders of 
the tower of Babel in the Biblical account. If 
ever man has become arrogant, it is now. 

References 

1 Life: Vol. 59, No. 14, Oct. 1, 1965, pp. 94-111. 

2 Ibid., pp. 98-99. 

3 Ibid., p. 98. 

4 Ibid., p. 98. 

5 Ibid., p. 107. 

6 Ibid., p. 111. 

7 Ibid., p. 111. 

8 Ibid., p. 100. 

9 Ibid., p. 108. 

10 Ibid., p. 111. 


A NOTE ON CANOPIES 

Dr. H. L. Armstrong 

Queens University, Kingston, Ontario, Canada 


There is some evidence that, before the Flood, 
the earth had a canopy of water in some form. 
This canopy, known as the "greenhouse effect," 
brought about the uniform, warm climate, for 
which there is so much geological evidence. This 
matter is discussed in The Genesis Flood, by 
Whitcomb and Morris. At the time of the Flood 
the canopy fell, and at least contributed to the 
waters. 

A paper by C. Sagan and J. B. Pollack, pre¬ 
sented at the meeting of the American Astronomi¬ 
cal Society at the University of California, 
Berkeley, in December, 1965, and abstracted in 
The Astronomical Journal, Vol. 71, April, 1966, 
p. 178, discusses conditions on Venus. These 
researchers have shown that clouds of ice crys¬ 
tals, of mean radius about 7.5 microns, would be 
very effective in causing the greenhouse effect, 
and hence the high temperatures which are be¬ 


lieved to exist on Venus. They might also cause 
the strong reflection and consequent brightness, 
and other effects which are observed. 

Interest in this lies in the possibility which 
this immediately suggests, that some or all of the 
water in the canopy may well have been in the 
form of such crystals of ice. 

It is interesting to note that D. W. Patton, in 
the Creation Research Society Annual for 1966, 
p. 63, has suggested that particles of ice, falling 
to the earth, may have had to do with the Flood 
and the ice age. So these two suggestions may 
well fit together. 

Also, I have recently seen a review of the book 
Marvels of the Earth’s Canopies, by C. T. 
Schwarze, published by Good News Publishers, 
Westchester, Ill., but have not yet seen the book 
itself. Here again it is suggested that the canopy 
was composed of ice. 


ERRATA 


Corrections for previously published issues are 
stated below. The editors regret any inconven- 

in parentheses in 
page 73. 

second line of the article on 

ience. 

In Ju 

v. 1966. Ouarterlv: 

In 1966 Annual: 

(a) 

On page 14, 

add this line: "taken place in 


(a ) On page 16, birth date f or Nicholau s Steno 
was 1638 instead of 1631. On page 17, publica- 
tion date of the John Ray "Discourses" was 1692 
instead of 1629. 

(b) On | page 79, [ reference 1 should read: 
Biological Science for High School by William A. 
Gregory and Edward FI. Goldman. New York: 
Ginn and Company, 1965. Also, delete material 


column. Also, [on 


of various colors, 
column. 


;e 15, [ delete: "also limestones 
rom the top line in the right 


(b) On page 23, 


^__ in third paragraph of left 

column, insert: "confused but exciting. It doesn't 
matter that our present-day accepted theories are 
but temporary" after the fifth line of that para¬ 
graph. 
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WORLD POPULATION AND BIBLE CHRONOLOGY 

Henry M. Morris 

Department of Hydraulic Engineering, Virginia Polytechnic Institute, Blacksburg, Va. 


A simple formula i s de rived which permits calculation of the population that will be produced 


from one initial pair in 77 generations, for any arbitrary number of children per family and genera¬ 


tions per life span. On the basis of very reasonable and conservative assumptions, the traditional 
Biblical chronological framework of human history is found to be completely realistic. The evolu¬ 
tionary framework, on the other hand, is seen to lead to absurd and impossible conclusions. The 
human race is therefore, only a few thousand years old, instead of the million or more years claimed 
by evolutionists. 


A remarkable commentary on human history 
is the fact that man as a whole has broken all of 
God's commandments except the very first. Im¬ 
mediately after the creation of man, God said to 
him: "Be fruitful and multiply and fill the earth" 
(Genesis 1:28). The population explosion of these 
latter days is eloquent testimony that this particu¬ 
lar purpose of God in creation is being accom¬ 
plished, though obedience to God is hardly 
man's intention in the fulfillment. 

As a matter of fact, there has also been an 
earlier time when man filled the earth. In the 
antediluvian period, the Scriptures say that "men 
began to multiply on the face of the earth" 
(Genesis 6:1), and soon "the earth was filled"— 
but, also, it was "filled with violence" (Genesis 
6:11, 13). 

Some have been skeptical about the possibility 
that the early population may have grown so 
rapidly in the 1656 years recorded (Genesis 5) 
from Adam to the Flood. Therefore, it is instruc¬ 
tive to make calculations on the probable growth 
of population. 

World Growth of Population 

Assume that the earth had an initial popula¬ 
tion of two people, ready to assume their re¬ 
sponsibilities as husband and wife, and then as 
parents. Assume also that the average number 
of children per family (growing to maturity and 
marriage ) was 2c, with c boys and c girls. In the 
first succeeding generation then, there would 
have been c families (and 2c individuals, plus the 
first two still living). The second generation, on 
the same basis, would contain c X 2c, or 2c 2 , 
individuals. In the third generation, there would 
be 2c 3 individuals, and so on. The total number 
of individuals in the world at the end of n gener¬ 
ations, assuming no deaths, could be calculated 
as: 

S n = 2 +2 C +2 C ! +2 C 3 + . . . +2c” (1) 

The sum, Sn, can be calculated directly: 

Multiply both sides of equation (1) by c: 

Sn(c) = 2c + 2c 2 +2c 3 + 2c J . . . +2c n +2c n+1 


And subtracting the first equation from the 
above: 

S„( c) —S„=2c n+1 —2, 
or S n (c—1) =2c n+1 —2. 

Dividing through by (c—1) yields the sum S n 
as: 


„ ( 2c " +1 - 2 ) 

(c-1) 

Thus, S= 2( ^'t 1 } (2) 

(c-1) 


However, the number of people represented by 
S n would have to be reduced by the number 
who had died since the first generation in order 
to get the actual population. Now, let the aver¬ 
age life-span be represented by x generations. 
The people who had already died by the time of 
the nth generation, therefore, would be those 
who were in the "( n—x )th” generation, or earlier. 
This number is: 

2( C”‘ +l -l ) , 4 

S (n - x) - (C-1) 3 

The total population at the nth generation, 
then, combining equations (2) and (3), be¬ 
comes: 


I’ - 8 - S = 


c-1 


(c n 


+i- 


K + l ) 


0 

Thus, P n = j-(c n_x +i)(c x —1) (4) 

Equation (4), in summary, will give the world 
population n generations after the first family, 
for an average life-span of x generations and an 
average number of children growing to maturity 
and marriage of 2c per family. The equation 
clearly demonstrates how rapidly populations can 
grow under favorable conditions. 

For example, assume that c = 2, and x = 2, 
which is equivalent to saying that the average 
family has four children who later have families 
of their own, and that each set of parents lives 
to see all their own grandchildren. For these 
conditions, which are not at all unreasonable to 
assume, the following tabulation indicates the 
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population at the end of the indicated numbers 
of generations: 

5 generations, population= 96 people. 

10 generations, population = 3,070 people. 

15 generations, population= 98,300 people. 

20 generations, population= 3,150,000 people. 

30 generations, population =3,220,000,000 
people 

This last number is essentially equal to the 
present world population, so that only 30 genera¬ 
tions under these conditions would suffice to 
produce a population greater than now exists 
in the world! 

The next obvious question is: how long is a 
generation? Again, a reasonable assumption is 
that the average marriage occurs at age 25 and 
that the four children have been born by age 
35. Then the grandchildren will have been born 
by the time the parents have lived their allotted 
span of 70 years. A generation thus is about 35 
years. 

This would mean that the entire present world 
population could have been produced in approxi¬ 
mately 30 x 35, or 1050 years! 

The fact that it has actually taken considerably 
longer than this to bring the world population 
to its present size indicates that the average 
family size is less than four children, or that the 
average life span is less than two generations, 
or both. For comparison, let us assume then 
that the average family has only three children 
and the life-span is one generation (i.e., that 
c = 1.5 and x = 1). Then, equation ( 4 ) yields 
the following figures: 

10 generations, population = 106 

20 generations, population = 6,680 

30 generations, population = 386,000 

52 generations, population = 4,340,000,000 

It would thus take not quite 52 generations 
under these conditions to cause the present world 
population. At 35 years per generation, this 
would still be only 1820 years. Evidently even 
three children per family is too much to assume 
for human history as a whole. 

However, the average would have to be more 
than two children per family; otherwise, the 
population would have remained static. It be¬ 
gins to be glaringly evident that the human race 
cannot be very old! The traditional Biblical 
chronology is infinitely more realistic than is the 
million-year history of mankind assumed by the 
evolutionist. If the above very conservative as¬ 
sumptions were made (x = 1, c = 1.5) for the 
over 28,600 generations assumed in a supposed 
million years of man's life on earth, the world 
population should now be over ( 10) 5 ™ people! 
This number, which could be written as "one" 
followed by 5000 zeros, is inconceivably large. 


A maximum of no more than (10) 111(1 people 
could be crammed into the known universe! 

The Ussher chronology, on the other hand, 
based on a literal acceptance of the Biblical his¬ 
tories, gives the date of the Flood as about 4300 
years ago. The present population of the world 
has come originally from Noah's three sons 
(Genesis 9:19). To be ultra-conservative, as¬ 
sume that one generation is 43 years and thus 
that there have been only 100 generations since 
Noah. To produce a world population of 3 bil¬ 
lion persons (still assuming x = 1), equation (4) 
is solved for c as follows: 

3,000,000,000 =2(c) 100 from which: 

c = ( 1,500,000,000) “= 1.24, or approxi¬ 
mately VA. 

Thus, the average family must have had 2.5 
children in order to bring the population to its 
present magnitude in 100 generations. This is 
eminently reasonable, though conservative, and 
is strong confirmation of at least the order-of- 
magnitude accuracy of the Ussher chronology. 
However, a period of human history much great¬ 
er than indicated by the post-Deluge chronology 
of the Bible is evidently rendered improbable in 
a very high degree by the facts of population. 
A million years even at this rate would produce 
a population of 10 27 “ people. 

Effects of Disease and Wars 

But what about the possibility that the great 
plagues and wars of the past may have served 
to keep the population from growing at the indi¬ 
cated rates? Could the population have remained 
static for long ages and only in modern times 
have started to expand? 

We are unable to answer these questions 
dogmatically, of course, since population data 
are not available for earlier times. We can only 
say that all that we know about population 
growth is based on data from the past two cen¬ 
turies. There are no reliable census figures, of 
course, except in modern times. 

If the earth's population started with two 
people just 4300 years ago, it would only have 
to have increased at the rate of 0.5 per cent each 
year in order to reach the present population. 
This is significantly less than the present known 
rate of population growth of almost 2.0 per cent 
per year. Thus there is ample provision for long 
periods when the growth rate may have been 
less than the average of 0.5 per cent. 

Furthermore, there is really no evidence that 
the growth of population has been retarded by 
wars or disease epidemics. The past century, 
which has experienced the greatest mushroom¬ 
ing of populations, has also witnessed the most 
destructive wars in all history, as well as the 
worst plagues and famines. 
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It is interesting to note that the best secular 
estimates of the world population at the time 
of the birth of Christ yield a probable figure 
of about 200 million. If we apply our formula, 
using the very conservative figures of 2.75 chil¬ 
dren per family, an average life-span of only one 
40-year generation, and the beginning of popu¬ 
lation growth with two people in 2340 B. C., the 
calculations yield a probable population of 210 
million at that time. 

Or, to take another example, consider the na¬ 
tion Israel, which began with the patriarch Jacob 
about 3700 years ago. Despite tremendous perse¬ 
cutions and pogroms over the centuries, and 
despite the lack of a national homeland for much 
of its history, the nation of Israel has maintained 
its national identity and now numbers probably 
about 14 million people. 

This population could have been produced in 
3700 years if we assume the average family size 
was only 2.4 children (instead of 2.5, to allow 
for the losses due to the above-mentioned fac¬ 
tors), but still assuming a life-span of one 43- 
year generation. Using these figures, the formula 
yields a present world population of 13,900,000 
Jews. 

Thus, we conclude that all that is actually 
known about present or past populations can be 
explained very reasonably and logically on the 
basis of a beginning only about 4300 years ago, 
making ample allowance for the effects of wars 
and natural catastrophes. However, the assump¬ 
tion of the evolutionists that man first appeared 
a million or more years ago becomes completely 
absurd when examined in the light of population 
statistics. 

Antediluvian Populations 

According to the genealogical records of 
Genesis 5, there were 1656 years from Adam to 
the Flood. However, the population constants 
were significantly different then from what they 
now are. Men lived to great ages and evidently 
had large families. Excepting Enoch, who was 
taken into Heaven without dying at age 365 
(Genesis 5:23, 24), the average of the recorded 
ages of the nine antediluvian patriarchs was 912 
years. Recorded ages at the births of their chil¬ 
dren ranged from 65 years ( Mahalaleel-Genesis 
5.15, and Enoch-Genesis 5:21) to 500 years 
(Noah-Genesis 5:32). Every one of them is said 
to have had "sons and daughters," so that each 
family had at least four children, and probably 
many more. 

As an ultra-conservative assumption, let c = 
3, x = 5, and n = 16.56. These constants cor¬ 
respond to an average family of six children, an 
average generation of 100 years and an average 
life-span of 500 years. On this basis the world 
population at the time of the Flood would have 


been 235 million people. This probably repre¬ 
sents a gross under-estimate of the numbers who 
actually perished in the Flood. 

Multiplication was probably more rapid than 
assumed in this calculation, especially in the 
earliest centuries of the antediluvian epoch. For 
example, if the average family size were eight, 
instead of six, and the length of a generation 93 
years, instead of 100, the population at the time 
of Adam's death, 930 years after his creation, 
would already have been 2,800,000. At these 
rates, the population at the time of the Deluge 
would have been 137 billion! 

Two obvious conclusions appear from these 
calculations. First, there is no problem whatever 
in the reference to Cain, Adam's son, as taking 
a wife, building a city, or fearing avengers 
(Genesis 4:14-17). Second, the Flood would cer¬ 
tainly have to be a global catastrophe if its pur¬ 
pose of destroying all mankind were to be ac¬ 
complished. 

The fact that many hundreds of millions of 
people may have perished in the Flood does not 
of course mean that we could now expect to find 
any of their remains. There is no doubt that, 
as the Flood waters rose, men would flee to the 
highest hills and would be the last of all living 
creatures on the dry land to be overtaken by 
the waters and drowned. They would thus not 
be buried in the sediments of the Deluge. 

It is possible of course that occasional individ¬ 
uals would be trapped and buried, and their 
bones thus eventually fossilized, but most even 
of these would never be discovered later. Some 
few fossils of antediluvian men have possibly 
been found and others may be unearthed in the 
future, but these are bound to be very rare. 

The absence of antediluvian human fossils is 
of course not nearly as serious a problem for the 
creationist as is the absence of human fossils 
for the evolutionist. If man has actually been 
living on the earth for a million or more years, 
there have been uncounted millions upon millions 
of people who have lived and died. But only a 
scant handful of the remains of prehistoric men 
have ever been found! 

Population Growth from Noah to Abraham 

After the Flood, antediluvian conditions of 
longevity continued to prevail for a while, with 
life-spans only gradually being reduced. Noah 
lived 950 years (350 of them after the Flood- 
Genesis 9:28, 29). Noah's three sons had a re¬ 
corded total of 16 sons and, presumably, about 
the same number of daughters, with each family 
thus averaging about 10 children. From the Flood 
to the birth of Abraham a total of 292 years and 
eight generations are recorded. 
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By the time Abraham journeyed into Canaan, 
about 400 years had elapsed since the Flood. 
There were then apparently a number of well- 
populated cities and countries in the world, as 
mentioned in Genesis 12 through. 25 (Egypt, 
Chaldea, Philistia, etc.). Abraham died at age 
175, leaving eight sons (Genesis 25:1-8). 

It seems reasonable to assume, for this 400- 
year period of history, say, ten generations and 
an average family size of eight, with an average 
life-span of five of the 40-year generations. That 
is, in our population formula, assume c = 4, 
n = 10, and x = 5. The world population at the 
time of Abraham (neglecting any possible gaps 
in the genealogies of Genesis 11) is then calcu¬ 
lated as 2,800,000, a figure which more than ade¬ 
quately explains the Biblical and archaeological 
population inferences for this period of earth his¬ 
tory. 

The Tower of Babel seems to have been built 
about the time of the birth of Peleg (whose 
name, meaning "division," probably was given 
by his father Eber in commemoration of that 
event-Genesis 10:25 ) 101 years after the Flood. 
Using the same constants as above, the popula¬ 
tion at this time would have been only 85 people 
(using equation (2) ). Flowever, it is probable 
that at least one generation is missing in the 
genealogy of Peleg as given in Genesis 10:21-25 
and 11: 10-16. In the corresponding record in 
Luke 3:35, 36, the name of Cainan is inserted 
between those of Arphaxad and Salah. 


If we assume that, in the course of transcribing 
the lists in the Old Testament, Cainan's name 
somehow was omitted from the received text, 
but that his name was preserved in the Septu- 
agint version from which Luke obtained his data, 
this would mean one more generation in the 
interim from the Flood to Babel. On this basis, 
the population would be 340. 

This is probably still too small, but the assumed 
family size of eight may very well be too small 
for the early centuries after the Flood. Assuming 
an average family of ten children gives a popula¬ 
tion at Babel of over 700. An average of twelve 
children gives 1250. Both these figures assume 
40-year generations, with, therefore, 3.5 genera¬ 
tions from the Flood to Babel. 

Since there are 70 nations mentioned in Genesis 
10 as resulting from the "division" at Babel, it is 
reasonable to infer that there were 70 families 
at Babel, representing probably the generation of 
Noah's grandsons and great grandsons. Seventy 
families containing 800 or 1000 individuals al¬ 
together seem to fit the situation described at 
Babel very adequately. 

We conclude, therefore, that the Biblical chro¬ 
nologies are all eminently reasonable in the light 
of population statistics, and that any significant 
departures from these chronologies, as required 
to meet evolutionary speculations, are highly 
unreasonable and improbable. 


FURTHER HIGHLY SPECIALIZED ADAPTATIONS 

Evan V. Shute, F.R C. S.(C) 

London, Ontario 


The writer believes that nature's adaptations are so extraordinary in complexity and finesse that 
it is impossible to explain them as evolved. They must have been planted in the creature by its 
Creator. Adaptations display incredible virtuosity. 

To illustrate, the writer discusses in some detail scores of examples of remarkable adaptations 
for predation and defense, respiration, pupation, detection in space, locomotion, reproduction, etc. 

One of the great defects of evolutionary writing is that evolutionists dodge difficulties like these 
and dwell on generalities. On the whole, too, they tend to avoid insects and instinct and argue 
about vertebrates, especially mammals. They should be held to account for specifics, especially in 
insects, and not excused until they produce an adequate evolutionary explanation. This cannot be 
done. Nature is too complex, too intellectual and too versatile. 

Let the critics of evolutionary theory continue to pin evolutionists down to specifics. It will 
make evolutionists a good deal less arrogant. 


Introduction 

The finesse, intricacy and perfection of adapta¬ 
tion in all systems in all animals seem endless. 
Flere are a few more samples culled from this 
apparently infinite series, all illustrating the 
artistry and virtuosity of the Creator. 


For Predation and Defense 

The praying mantis 1 has an unusually long 
front segment of the thorax, its foremost legs no 
longer adapted to locomotion but large and 
powerful so that the tibia can be snapped back 
against the femur like the blade of a pocket- 
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knife. This femur bears a groove on its under 
surface with a row of stout spines on either side 
of the groove. The lower edge of the tibia which 
fits into it is knife-edged and also spined. It is a 
perfect gin-trap. 

Predacious fungi 2 capture and eat amoebas, 
rotifers, nematodes and springtails. The nema¬ 
tode-trapping fungi are really giant-killers, but 
are threads of the finest gossamer. More than 
50 such fungal species are known. Some are 
Phycomycetes, some Deuteromycetes, and at 
least one is a Basidiomycete. 

Some species produce sticky processes, others 
sticky knobs on short stalks. Some species pro¬ 
duce sticky folds and curls and rings. Some have 
non-adhesive loops and act merely like rubber 
bands. The cells of the ring promptly swell to 
three times the normal size if a nematode enters 
it, thus obliterating its lumen. The ring closes 
in 0.1 second. Probably the fungus then kills its 
prey by a toxin. These predators can function 
only if their prey is present—in pure culture 
no traps are formed! These fungi are unique 
among micro-organisms. 

In Myrmecine ants the sting is well developed. 3 
The sting in M. gerlosa, the Australian bull ant, 
consists of a pair of gland filaments lying free 
in the body cavity, a spheroidal venom reservoir 
where they may be inserted, an accessory gland, 
and the sting itself supported on each side by 
modified chitinous plates. 

The proteinaceous venom is more closely re¬ 
lated to that of wasps and bees than to venoms of 
"higher" ant genera and the venom apparatus is 
highly "evolved"! Thus the study of the venom 
apparatus he re is slig htly disturbing to taxono¬ 
mists. There | appear, however, to be an even 
more complex venom apparatus among the 
Formicoidea. 

The bombardier beetle if assaulted by an ant 
merely pushes a flexible tube from its rear end 
and emits a cloud of paralyzing, acrid vapour. 
Schildknecht 4 has found that paired cannons 
each had a sac which discharged fluid into a 
reservoir. The fluids were hydrogen peroxide, 
hydroquinone and toluhydroquinone-but these 
do not react to form gas as long as they lie undis¬ 
turbed in the beetle's sac, for some queer reason. 
On attack, the beetle lets some of this fluid out 
into a combustion chamber where enzymes ignite 
it. The peroxide supplies the charge. 

The Epeira spider-drains her captured locust 
prey while it remains alive, killing it only at the 
very end. 

The John Dory fish is so laterally compressed 
it can scarcely be seen from either end. It 
stealthily creeps near its prey, then rushes on it 
while its mouth shoots outward like a great tube 
to engulf the victim. 


The Koala bear has only one food, the leaves of 
certain kinds of eucalyptus trees, and even these 
are taken from mature, undamaged trees only! 

Dewar 5 points out that the nipples of mar¬ 
supials and placental would be useless unless 
the young possessed soft muscular lips-organs 
unknown in reptiles! 

The Anthrax larva feeds on the grub of the 
Mason-bee. Not a gash appears on the latter, 
which lives on and on as the parasite feeds on it, 
for the Anthrax larva actually inhales its prey. If 
the bee grub is inflated it does not leak air! For 
the fortnight that the meal lasts the bee grub 
does not decompose. Yet if it is punctured any¬ 
where it rots at once. Only liquid material can be 
aspirated. The breathing apparatus and nervous 
system of the parasitized bee grub must remain 
intact to the last!! 

The antlers of deer remain a great puzzle. 
They are rarely used, even in fighting, may be 
found in females, are defective in castrates or 
unilateral castrates, and seem to be largely 
fortuitous. 

If the larva of the large Elephant Hawk Moth 
is alarmed, the caterpillar quickly draws its head 
and first three rings into the next two rings, which 
swell and exhibit eye-like marks. A terrifying 
appearance results. An Indian larva ( Ophederas) 
has its eye marks placed so far back that this can¬ 
not be attempted, so it bends the forepart back 
under, the apparent head being at the location 
of the eye marks, but the real head being hidden. 

Hingston 6 tells of certain caterpillars with 
whips on their tails which they swish about in 
the face of enemies (Isognathus swainsoni). When 
this South American caterpillar rests with its 
mates, all face in the same direction and lash out 
with their tails simultaneously. If the puss moth 
caterpillar is attacked by ants it turns up its tail 
and shoots out a pair of flexible scarlet whips, 
which it can supplement with a jet of narcotic 
fluid. The American fire-fly, Pyrophorus nocti- 
lucus, has two sulphurous eyes that glow if it is 
taken up, but if handled more roughly still, it 
bends back to reveal another light ordinarily 
concealed under its overlapping breast plates. 
This has been seen to intimidate its foes. Even 
its larvae and eggs are luminous. 

The Malayan hooded locustid (Capnoptera) 
does not resist when picked up, but casually 
lowers its head, opens a cleft between its head 
and thorax, thus forcing out a scarlet bladder or 
hood, as if its entrails were extruding. The 
Celanese grasshopper, Acridium violescens, if 
chased by Mynah birds, rolls over on one side, 
and deliberately draws up a hind leg to expose 
a series of grey and black eye-spots. The bird 
usually withdraws, even after several approaches. 
The rolling over is done deliberately and slowly. 
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How could such an unusual habit evolve to re¬ 
veal the warning colour pattern so perfectly? The 
mantids also reveal menacing bright colours and 
make a noise when attacked. Predators show 
fright,—as do humans, indeed. 

Strains of flies resistant to DDT develop, as 
is true of mosquitoes, cockroaches, bed bugs, 
body lice and bark bettles. How permanent these 
strains are seems to be unknown as yet! Most 
mutants are harmful, but such helpful (to the 
insect) mutations as these could not develop if 
random mutations did not occur in all directions. 
The mutation precedes the environmental stress 
in such instances. As R. A. Fisher has pointed 
out, selective survival must have worked a 
miracle of evolutionary progress in the teeth of 
a storm of deleterious mutation. 

The African beetle, Dictyopliorus laticincta, 
when picked up by a monkey, distends its ab¬ 
domen to show its red-marked sides. Then it 
can eject a yellow acid froth from the sides of 
its thorax with a loud hissing noise, and display 
its red wings. The monkey usually drops it. 

A batrachoid fish of Central America, Thalas- 
sophryne, has an opercular spine which is canal¬ 
ized and communicates with a poisonous fluid 
-but no sac! 

Most marine fishes have a very large bladder, 
frequently full of urine. Thus urine is not re¬ 
leased constantly, and predators are not afforded 
a means of tracking them down by detecting it. 

Roberts refers to the poison fangs of the vipers 
and rattlesnakes. They do not move in a socket. 
It is the short maxillary bone which really moves, 
pushed by the ectopterygoid on its loose articula¬ 
tions with the prefrontal when the fang is erected 
or laid back. The tooth is ankylosed to the 
maxilla. Some snakes do not have this ankylosis 
and occasionally lose the fang, but these forms 
have embryonic teeth on the root surface which 
replace these fangs! 

The snakes with a huge, distensible gape have 
the ability to disarticulate the mandible from 
its site when closed; then it is suspended by very 
elastic fibres, but these may have a rhythmic 
power of contraction, like muscle! The quadrate 
can also be loosened from the squamosal to en¬ 
large the gape still further. Indeed, in pythons 
there is a third adaptation-there is an actual 
dislocation of the occipital condyle on the atlas 
vertebra, with a stretching of the spinal cord! 

It is impossible to think of the gradual de¬ 
velopment of a poison sac and its contents from 
salivary glands by mutation or any other means. 
Indeed, in Calloptus such a sac extends half the 
body's length. In Doliptus intestinalis this sac is 
so long that it even pushes the heart out of place. 

Poulton 8 described the Asiatic lizard, Phry- 
nocephalus mystaceus, which resembles its sandy 


habitat but has a red, flower-like mouth to attract 
insects. Some lizards have long, brittle tails 
which readily break off when seized, allowing the 
creature to escape, just as do certain free and 
active Philippine snails (Helicarion) and a West 
Indies snail, Stenopus. Such a tail is deliberately 
conspicuous. Perhaps 10 per cent of snails lose 
them. 


The platypus has on its hind heel a curved 
spur, attached to the tarsal accessory bone, carry¬ 
ing a poison conveyed by a fine duct from a 
gland on the back of the thigh. Synanceia ver¬ 
rucosa, a fish, carries deep grooves and poison in 
the dorsal spines. 

Thomson comments on the Galapagos liza rds, 
one species able to eat seaweed and another the 

Pycraft 18 mentions the unpleasant odours used 
to protect animals. Skunks need no further men¬ 
tion. The brilliantly coloured palmer-worm, the 
larva of Porthesia auriflora, or the conspicuous 
hop-dog, the larva of Orgyria pudibunda, have 
glands on the back for the purpose of emitting 
an unpleasant scent. The larvae of saw-flies 
such as Croesus septentrionalis have such glands 
on the belly. When disturbed these turn the body 
forward over the head, evert these glands, ana 
a whole group can set up a "poison gas" barrier 
about themselves. 


He tells of males of butterflies in which the 
emanation of scent is traceable to peculiarly mod¬ 
ified scales, sometimes arranged in tufts on the 
hind-wings, or scattered irregularly over the 
wing surfaces or as an edge fringe. Sometimes 
the scent can be retained-then suddenly re¬ 
leased. In the ghost-moth (Hepialus humali) the 
male's hind-legs are altered into scent bottles, 
filled with scent glands. Moths of the genus 
Acentrophus have wingless, aquatic females. 
They come to the surface, emit their alluring 
scent, then the males approach, couple, and are 
pulled under the water to drown! 

The crab spider, Onustus, waits in a flower 
bell till she can leap on a bee, bite its neck and 
kill it. One temperate belt crab spider, Misumena 
vatia, is coloured white on white flowers, yellow 
on yellow, pink on pink, and green on leaves. 
Such a change develops in a few days and is due 
to a pigment accumulating in its outside cells. 

Some of the ciliated flatworms, the Turbellaria, 
may reduce the number of their cilia, but es¬ 
pecially their rhabdites. These are small crystal¬ 
line rods which dissolve in water to produce a 
mucus-like substance, either defensive or for 
catching prey. What a device! 


Water Metabolism 

The desert rat 8 has a kidney so efficient that 
it can excrete urea as does the human kidney, 
but uses only one fourth of its water to do it. 



13 


The antelope ground squirrel has a metabolic 
rate that remains constant at temperatures from 
90° to 107°, No other non-sweating animal has 
as high a thermal neutral zone. It shows no 
bodily discomfort even at temperatures above 
110°—if any develops it merely returns to its 
burrow, or it drools, deliberately spreads saliva 
over its head, and cools itself by evaporation. It 
can survive for 3 to 5 weeks on a completely dry 
diet. It can excrete urine 10 times more con¬ 
centrated than its body fluids. The desert rat 
can drink sea water, the antelope ground squir¬ 
rel water 1 to 4 times more concentrated than 
sea water. It has unusually long renal papillae, 
longer than renal tubules, hence greater re¬ 
absorption. 

Cats can drink sea-water " and carnivores can 
live on the body-water of animals they eat, just 
as seals may if they avoid halibut and shellfish 
and confine themselves to Pacific herring. Camels 
and other ungulates can recycle their urea, when 
protein-deficient, and pass this urea back into 
the rumen where bacteria reform proteins which 
are resorbed lower in the gut. 

Homer Smith 11 tells of clothes moths able to 
live and lay viable eggs when kept in a dessicator 
whose air had been dried over sulphuric acid, 
and when feeding on oven-dried woolen cloth, 
or on dry mink or astrakhan. The resultant 
larvae contained fully 58 per cent water when 
such food had contained only 6 to 9 per cent; 
therefore the animal literally manufactures water 
from its dry food. The larvae of the bee moth 
can live on the dry wax of the honeycomb con¬ 
taining less than 2 per cent water, and gets its 
nitrogen from pollen grains. The pea weavil, 
the confused flour beetle and flour moth, and the 
tobacco horn-worm all live on very dry food. 

Respiration 

The freshwater turtle 12 can dive for long peri¬ 
ods in the absence of oxygen, depending on 
anaerobic glycolysis. Its heart has a functional 
ventricular septal defect. In ordinary air there 
is some shunt of blood from left to right through 
this defect. During diving this shunt is reversed 
and blood from the tissues bypasses the lungs and 
enters the aorta directly, anaerobic glycolysis 
now supplying the energy needed. The exact 
stimulus for this shunt mechanism is uncertain. 
It may be the unusual cartilaginous-muscular 
structures at the origin of the pulmonary arteries. 

A creature may use existing organs to conquer 
a new ecological niche. Thus Weddell's seal is 
related to seals in warmer climes which also have 
long incisor teeth. This seal ranges into the 
Antarctic, however, by using these for cutting 
breathing holes in the ice. Similarly the giant 
panda, of carnivore morphology, has become 


adapted to a completely herbivorous diet. Thus, 
too, the tree kangaroos have successfully re-in¬ 
vaded trees. 

Insects in general have the most efficient heat¬ 
ing system yet devised. It gives its owners a 
hundredfold increase in energy. It does not dis¬ 
solve oxygen in the blood and so diffuse it, as 
in mammals, but takes it in directly through 
spiracles and their branching tube systems. There 
is no pump or forced draft, and the small size of 
the insect is what makes this scheme adequate. 

Homer Smith describes lungfish hibernating 
in the mud. The fish squirms into the ooze, then 
turns a somersault so that the snout comes to lie 
just under the water surface. As the water level 
sinks the fish makes a deeper and deeper burrow, 
this chamber opening, to the air through a small 
blowhole. 

When all the water on the surface has left, it 
curls up with its tail across its head, covering 
the eyes. Its body now is coated with a strong 
mucus, and as this dries it hardens into a water¬ 
proof cocoon which extends into all exposed 
crevices. Only a short funnel between the lips 
and teeth remains, through which the fish 
breathes. Its metabolism lowers until it is only 
10 to 15 per cent of that in the active state. Crack 
the cocoon and the fish dries out and perishes. 

Foetal hemoglobin and adult hemoglobin 
differ in all the vertebrates studied to date but 
the viviparous rays; the foetal type has a high 
oxygen affinity. Here is a wonderful biochemical 
"pre-adaptation" which has made possible foetal- 
maternal oxygen transfer. 

Pupation 

The wild silkworms all spin a characteristic 
cocoon. 12 The commercial silkworm and the 
Asiatic species, Antheraea pernyi, construct very 
stout-walled chambers without any obvious exit. 
The new moth, however, secretes a fluid which 
dissolves one end, loosening its fibroin filaments 
and so forming a large escape hole. 

The solvent is a remarkably pure proteinase 
secreted by the moth's maxillae, with a separate 
buffering solvent for the proteinase. This enzyme 
is not secreted by silkworm species whose 
cocoons have preformed valves. Sarnia cynthia, 
whose cocoon has a very tight valve, synthesizes 
a small amount of this proteinase. 

When the caterpillar is about to pupate it 
ceases to eat, then evacuates both the content 
of the intestines and also their lining. Hence no 
putrefaction can develop during its long hiberna¬ 
tion. Why should an insect doing this just once 
in a lifetime do it so well? 

Fabre 14 described the exit of the pupa of the 
Anthrax fly. The head is round and large and 
bears a sort of diadem of six hard sharp spikes. 
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with two more close behind. Four segments of 
the body farther back are armed on the back 
with a belt of horny arches set upside down in 
the skin. These are parallel and each carries a 
hard point. There are about 200 spikes on the 
four segments, and they anchor the pupa against 
the wall of the gallery. 

Steadied thus its crown of awls can take effect. 
Scattered here and there to prevent recoil are 
long, stiff bristles pointing backward. Two 
smaller hills of thorns and a sheaf of 8 spikes at 
the tip of the body complete the boring machine 
that this pupa really has become. It bores and 
drills its way out, then two slits appear across 
the head and through a cross-shaped opening the 
fly appears. 

Imagine all this evolving gradually, as evolu¬ 
tionists must insist, and the caterpillar knowing 
how to use each weapon as Nature gave it. It 
can barely escape from the pupa case now. How 
did it get out when it had less effective equip¬ 
ment? Evolutionists do not stress these things. 
They dare not. Fossils are safer topics. 

Sonar 

Bats use at least 3 different systems for echo- 
location. 15 The small insectivorous bats of North 

America send out signals at a rate of more than 
30,000 cycles per second, the actual discrimina¬ 
tion of its prey occurring in the last inch or less 
of the bat's approach. These echoes, from midges 
for example, must be faint and yet must be dif¬ 
ferentiated from many louder echoes. As such 
a bat can catch a mosquito every 6 seconds, the 
mechanism is very efficient. 

Horseshoe bats in Europe do not squeak 
through the open mouth but the nostrils. The 
squeaks are explosive and are guided like a di¬ 
rectional range finder by the "nose-leaves." The 
fruit-eating bats make low sounds by clicks of 
the tongue. Some birds, porpoises and dolphins, 
perhaps some small rodents also use sound for 
echo-location. 

Locomotion 

Geckoes 16 do not have suction disks on their 
adhesive feet, such as would enable them to cling 
to almost any surface, nor any adhesive sub¬ 
stance. Instead they carry microscopic hooks, 
in some species even submicroscopic in size. 
Despite their small size a single toe can hold up 
several times the animal's entire weight. In 
some African geckoes the tip of the tail also has 
these hooks. 

Marine fishes of the genus Trigla have taste 
buds on the three anterior rays of the pectoral 
fins, which have no web, can be moved inde¬ 
pendently, and are used by the fish to walk on 
the bottom. 


The man-of-war bird has superb adaptations 
for fishing. One can hardly imagine a more per¬ 
fect flying machine. Yet their legs are so weak 
they cannot rise from a flat surface and if they 
alight on water their plumage becomes water¬ 
logged! 

The king and queen termites originally have 
well-developed wings, but these later break off 
at preformed basal sutures and are discarded. 
Such foresight! Soldier termites, or Nasuti, 
thrust alien termites away by pushing them and 
by squirting a sticky fluid over them. 

The jumping spider can walk on a smooth per¬ 
pendicular surface, as ordinary spiders cannot, 
because of a pad of adhesive hairs, called a 
scopula, between its claws. 

The young of the Wolf Spider, Lycosa, climb 
on her back and perch there foodless for about 
six months. During this time they seem to watch 
their mother eat with indifference. But Aranea 
does not tolerate the young Lycosae when trans¬ 
ferred to her. If a fight with another spider 
looms, the children run off the fighters' backs to 
hide. Later they all climb back on the victor's 
back, and all goes on as well as before. In spring 
the children leave-if they do not, they are eaten. 

Reproduction 

Mating is a tremendously well adapted phe¬ 
nomenon. 17 The scent of the virgin Cecropia 
moth can lure a male almost half a mile away. 
The common eastern firefly switches on her lights 
and expects a responding male to show his after 
a two second interval. This timing must be exact. 

The Alaska seal female always returns to the 
Pribilof Islands off Alaska to find her mate. The 
female cougar waits beside a male's tracks, know¬ 
ing he tends to make a regular circuit. 

The male squid, Philonexus, deposits pockets 
of his sperm in the female by reaching them 
across to her, perhaps yards away. The male sea 
horse receives his mate's eggs in an abdominal 
pouch, seals it over; really he, then, becomes 
pregnant. The female porcupine flattens her 
quills to allow mating. 

Sperm usually die within hours, but the com¬ 
mon American brown bat mates in the fall and 
conceives in the spring. The male frogfish at¬ 
taches himself permanently to his female counter¬ 
part, atrophies there, but can fertilize her spawn 
when she is ready. 

In the fresh-water clams, Anodonta and Unio, 
fertilization is affected in the outer chambers 
of the female clam's gill and the developing 
young remain in this brood-pouch until it is a 
mass of young and their byssus threads. This 
mass is soon expelled by the mother; then it lies 
on the bottom of the stream till it can fasten 
on a passing fish. 
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Unio larvae usually attach to the gills of such, 
and Anodonta to the skin or fins. There the host 
encysts them for 10 weeks. This whole process 
enables the larvae to stay in fresh waters. Other¬ 
wise, if their cycles were like those of saltwater 
types of clams, they would be swept out to sea. 

Trypanosome brucei has its first multiplication 
phase inside a peritrophic membrane, a tube 
secreted by the walls of the tsetse fly's stomach to 
contain blood and the parasites. Then the Try¬ 
panosomes liberate themselves through the free 
end of this sac; next they move forward between 
it and the bowel toward the salivary glands. What 
an adaptation! A corresponding peritrophic 
membrane is developed by the sand-fly, Phleboto- 
mus, for Leishmania. 

Fabre tells of the mating of the green grass¬ 
hopper. The result is that the female has a cap¬ 
sule of sperm left on the end of her ovipositor. 
The female grasshopper eats this and is im¬ 
pregnated! 

The male fiddler-crab waves its large claw, 
to warn off other males and to attract females. 
When 27 species at Panama were studied, an 
observer could find a definite individual display 
in each species, differing markedly from that of 
every other species. Related species had more 
similar displays, however. 

Fabre tells how the Preying Mantis, without a 

f ;lance behind her and without the help of her 
egs, builds a horny plate on which eggs are laid, 
then covers these eggs in a protecting froth, then 
lays doorways and passages of overlapping plates, 
then puts a topping of protective froth over all. 

Pycraft tells of species of newts which do not 
copulate, but in which the male releases sperma¬ 
tozoa on bell-shaped "spermatophores," These 
last adhere to the bottom of a stream, where the 
female gathers them by placing herself in such a 
position that they can be forced between the lips 
of the genital opening, or by seizing the sperma- 
tophore between her hind-legs and pressing it 
home. 

The testes of the spider are connected to a hole 
in its belly, not to any intromittent organ. Fie 
usually weaves a little mat to receive his sperm. 
The bulbs on the ends of his palps are shaped 
differently in different species and are very in¬ 
tricate in design. With them he scoops up sperm, 
and inserts it into his mate by a sort of artificial 
insemination. 

The flatworm, Gyrodactylus, is viviparous and 
gives birth to a well-developed larva already hav¬ 
ing another larva in its undeveloped uterus, and 
perhaps another inside that again. A herma¬ 
phroditic animal giving birth to children and 
great-grandchildren simultaneously is unique. A 
closely related genus, Isaucistrum, has at least 


one species laying two kinds of eggs. The sum¬ 
mer eggs develop directly into adults, but the 
winter eggs lie dormant in the mud till spring. 

In the Acanthocephala, or thorny-headed 
worms, the ovary contains many fertilized eggs 
free in the body cavity or in sacs in a special 
ligament running from head to gonad. Near the 
posterior end is a complicated apparatus called 
the uterine bell which permits only fully de¬ 
veloped ova to pass, one at a time. This bell 
communicates with a uterus and vagina. 

The oxyurid worm, Enterobius, lives high in 
the large intestine, and the female accumulates 
eggs in her uterus until she is merely a sac of 
eggs. Then she passes out the human intestine, 
leaves the anus spontaneously, and promptly ex¬ 
plodes, scattering her eggs about the anus. The 
eggs are partly embryonated when laid, and be¬ 
come infective after only a few hours' contact 
with the air. 

The Arthropods, Danalia and Bopyrus, may 
become male or female or may even alternate 
their sexes. In Bopyrus the sex depends on the 
attachment. If the larva attaches to a female 
prawn it becomes a male; if to a male prawn, 
female. Male prawns infected by this parasite 
assume the secondary sex characters of females, 
but females are unchanged. 

In the Nematode life-cycle there is an abrupt 
change in the third-stage larva, in many forms, 
from an aerobic to an almost anaerobic environ¬ 
ment, and from a metabolism depending on the 
catabolism of fat to one mainly depending on gly¬ 
colysis, and from a free life to a parasitic one. 

The hydra, only one quarter inch long when 
contracted, will regenerate totally from a frag¬ 
ment, and the body cut lengthwise will heal if 
the two halves are approximated. If the halves 
are kept apart, two hydras will form. If turned 
inside out, so that its digestive cells are outside, 
both the inner and outer cell layers migrate back 
through the walls to their old position!! 

The Flelminth, Axygia, has a cercaria with a 
pair of large paddles at the end of its tail. These 
can be extended, then contracted, to let the 
cercaria jump jerkily ahead until a fish or frog 
sees and swallows it, as is demanded for the 
worm's parasitic existence. 

The Senses 

One kind of Owl'can capture its prey by 
sight in a light equivalent to that thrown by a 
burning candle 2,582 feet away. Its eyes have 
rod cells only (no cones for colour vision). The 
visual purple gives the bird its visual signals. 
Each eyeball is fixed, hence the neck is extremely 
flexible in rotation (about three quarters of a 
circle ). It directs itself in complete darkness by 
its hearing. It has the largest eardrums found 
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among birds. Its head is wide, so that a round 
wave reaches one ear just before the other— 
something the owl can probably detect and use 
for locating prey. 

The human ear 20 is a sort of Rube Goldberg 
mechanism. At the end of a chain of ossicles in 
the middle ear, the tiny footplate of the stapes 
has increased the original tiny pressure on the 
tympanum by 22 times, and this pressure is multi¬ 
plied by the organ of Corti. At some frequencies 
the vibration of the ear-drum is no more than 
one-tenth the diameter of a hydrogen atom, about 
one billionth of a centimeter. At low frequencies 
it is less sensitive—hence cannot hear the vibra¬ 
tions of its own body and skull. 


Pitch perception is still a matter for debate. 
Electron microscopic studies 21 indicate an enor¬ 
mous intricacy and integration of the various 
structures of the ear, whether in insects or man. 
This must be studied to be believed. 


The Cephalopods are adapted in scores of 
different ways. Nautilus has more than ninety 
arms and two pairs of kidneys and gills, unlike 
all the rest of its 8 armed or 10 armed congeners. 
Many live in the abyss and so have light organs 
and relatively huge eyes. Some even have light 
organs on or in the eye-balls. There can be 
bacterial light, intrinsic cold light produced by 
chemical reactions in light organs, or secreted 
light emanating from a secretion. 

Many cephalopods produce ink for a screen, 
but in those needing light the "ink" emits light 
on contact with the water, not darkness. The 
Nautilus has the only true pinhole camera-type 
eye known. There is no lens in it and the iris is 
unique. The squid, Histioteutliis, has a left eye 
four times as large as its right; perhaps the eyes 
are usable at different depths. 

Tinbergen 23 tells us of the Marine snail, Buc- 
cinum undatum, which takes water samples by 
aiming its siphon appropriately and sucking in 
a current of water across a field of chemoreceptor 
cells. Some crustaceans can thus sample water 
from a distance of 15 cm. The water bug, 
Notonecta glauca, has touch receptors enabling 
it to detect water ripples and the movement of 
prey 15 cm. away. 

A dragonfly larva can shoot its "mask" at small 
prey from exactly the distance at which it can 
seize it. The horned owl can see in light 1/110 
as intense as the human eye requires. Honey¬ 
bees can respond to ultra-violet light down to at 
least 3500 A units. The supersonic cries of bats 
have a frequency of about 50,000 cycles per 
second, about three times as high as the auditory 
threshold of man. 


European jays far exceed man in detecting 
cryptically coloured prey. Yet twig-like larvae 


(Ennomos) and countersheded caterpillars ( Smer- 
inthus ocellatus and others) escape even the jay. 
An eagle has a weak sense of smell, but can see 
a small rodent half a mile away. A catfish is al¬ 
most blind, but can actually taste with its whole 
body. 

Growth 

The British caterpillar, the Hedge Brown, does 
not shed its last skin in the usual way but pushes 
it off like a rolled-down stocking. 

Heat and Cold 

The dry seed of the giant cactus or saguaro 
can be cooked steadily for 7 days at 83°C and 
live. Other desert seeds are almost as heat-re¬ 
sistant. No mechanisms to explain this are 
known. 

Glycerol does not protect plant cells from 
freezing—but is very effective for animal and 
bird cells. Obviously fundamental differences 
exist between the cells of plants and animals— 

which strikes a serious blow at any Unitarian 
theory!! 

Castes 

Termites and ants are as different as ants and 
men, but both have winged, fertile forms and 
wingless workers and soldier types. Both of 
these last are arranged in elaborate castes. Both 
live with other insects and both cultivate fungi. 
Some live as small societies, but most live in 
large groups. Both are earth-dwellers, and both 
live among a host of pets and parasites. Their 
divergences are also great, for termite young 
are soon able to fend for themselves. There are 
permanent kings as well as queens in every 
colony of theirs, and every caste has both males 
and females. 

Other Anatomical Wonders 

The stridulatory file of the Bonerina ant genus, 
Leptogenys, is such a perfectly regular file that 
it can function as a good diffraction grating! How 
could a piece of insect anatomy be more accur¬ 
ately made? 

When the Hunting wasp first bursts out of her 
cocoon she cleans her antennae in a special slot 
situated in the leg. The papier mache cocoon 
from which she came has several layers in the 
wall, enclosing fixed air, and so is an excellent 
insulator. 

The mandibles of Ammophila bite on a laven¬ 
der stem when it wants to sleep; then its body 
hangs out at right angles to the stem as it rests! 

The Woodborer caterpillars progress down a 
hole in a trunk by passing the digested wood 
through their bodies. The Capricorn caterpillar 
has only rudimentary legs, but on its first seven 
segments are distensible facets like sessile feet. 
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With these it pulls itself along through a burrow 
in the trunk. 

The cricket wing has a bow carrying about 
150 triangular teeth of exquisite geometrical 
regularity. These bite into the ladder-like rungs 
of the opposite wing-case, setting four little 
drums into vibration. Thus it chirps. 

There is a British group of butterflies, the Skip¬ 
pers, which closes its facewings over its hind 
wings when resting, and bends its antennae back 
parallel to the central margins of the wing. 
These antennae are bent and gradually thickened. 
Thus they resemble moths closely. All the but¬ 
terfly caterpillars, such as that of the large Skip¬ 
per, that pass their lives in a tubular tabernacle, 
have a special comb-apparatus for ejecting ex¬ 
creta from their habitation. 

Fleas, Siphonaptera, have a proventriculus pro¬ 
vid ed with backwardly directed needles which 
peristalsis, simultaneously with a reversed per¬ 
istalsis in the mid-gut; as a result any ingested 
blood-cells are disintegrated. 

Summary 

'Nuff said.' Adaptation is too accurate, varied 
and purposive to be an accidental feature of 
Nature. What our minds can barely comprehend 
certainly points to a Master-mind in the Designer. 
Surely God is great, and Nature is His prophet. 
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TEXTBOOK COMMITTEE PROGRESS 


Dr. Thomas Barnes reports rapid progress in 
the writing of the biology textbook. This sum¬ 
mer Dr. John W. Klotz spent a week with Dr. 
Barnes and Mrs. Rita Rhodes Ward, an experi¬ 
enced teacher, concentrating on editing the first 
draft of the book from manuscripts submitted by 
various cooperating authors. 

About half of the book is complete enough now 
for use this fall in several "pilot run" schools. Dr. 
Klotz will continue to work closely with Mrs. 
Ward in editing the final half of the book, and 
they hope to have this ready for use in the same 
schools by next spring semester. 

Some illustrations are now available, and ef¬ 
forts this fall and winter will be concentrated on 
further collection of such materials. Then, when 
the final draft is written next year, these will be 
available for exact reference as to page number 
in the text. Corrections suggested by the various 
cooperating high school teachers will be in¬ 


corporated also in the final draft. 

All cooperating authors will receive their re¬ 
spective portions for check on accuracy. By hav¬ 
ing Mrs. Ward and Dr. Klotz edit the book, a 
uniformity of style will be achieved which other¬ 
wise would be simply impossible. 

Response to the appeal for funds has been 
gratifying and already over $700.00 has been con¬ 
tributed. As previously stated about $10,000.00 
will be needed to get this book in final form, 
so another appeal will be sent out later this 
winter giving more exact details on expenditures 
and various tasks yet remaining for which money 
will be needed. In this way our membership will 
get a clearer picture of what their contributions 
are accomplishing and understand just where 
they can be of help. Perhaps contributions of 
time can be substituted for money as regards 
some of these needs. 

-W.E.L. 
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ENTROPY AND THE SOLID STATE 

Dr. Emmett L. Williams, J r. 

Department of Chemistry and Physics, 

Bob Jones University, Greenville, South Carolina 29614 


Entropy is discussed from the viewpoints of classical thermodynamics and statistical mechanics. 

To better understand the effect of increasing entropy on the cursed creation, the effect of entropy 
on the solid state is discussed. Crystalline solids are considered to be structurally ordered. Such 
a concept is far from the truth. Crystalline solids are actually structurally disordered. There are 
atomic imperfections in the lattice structure and these imperfections, such as vacant lattice sites, 
are thermodynamically stable because the entropy of the solid is increased by their presence. 


The principle of increasing entropy is considered to be opposed to the theory of evolution and 
certain aspects of the ruin-reconstruction theory. 


Introduction 

The thermodynamic quantity of entropy plays 
a role as important as that of energy in every field 
of physics, chemistry, and technology but is gen¬ 
erally not very well understood. The effect of 
entropy on solids, particularly metals, has been 
investigated by many scientists. 

To give a better understanding of entropy, this 
article is a discussion and review of the disorder¬ 
ing effect of entropy on the structure of crystal¬ 
line solids. It is well to keep in mind that this 
tendency toward disorder and randomness is uni¬ 
versal because of the principle of entropy in¬ 
crease. 

Entropy can be considered from two stand¬ 
points. First, in classical thermodynamics en¬ 
tropy is described in a rather abstract manner as 
a thermodynamic variable of the system under 
consideration; secondly, in statistical mechanics 
it is defined as a measure of the number of ways 
in which the elementary particles (for instance 
atoms or molecules) may be arranged in the sys¬ 
tem under the given circumstances. The latter 
method applies to the solid state. 


Entropy in Classical Thermodynamics 

The concept of entropy originated in classical 
thermodynamics under conditions where heat 
can be converted into work. 1 The quantity of 


heat J* dQ necessary to bring a system from 

state 1 to state 2 is not uniquely defined since it 
depends on the path followed from 1 to 2. 

However, the thermodynamic quantity 

f 2 dQ 

J where T is the absolute temperature, has 


a value which is independent of the path fol¬ 
lowed. This is only true if the path is reversible 
and the integration is carried out so that each 
quantity of heat is divided by the temperature 
at which it is introduced. 1 This quantity calcu¬ 
lated from a temperature of absolute zero is 
called the entropy (S) of the system 



Some systems, such as solid solutions, have a 
finite value of entropy even at absolute zero and 
S in equation 1 must be replaced by S — S 0 . The 
measurement of the entropy of a system in classi¬ 
cal thermodynamics depends on the measure¬ 
ment of quantities of heat. Entropy is the cen¬ 
tral concept in classical thermodynamics. 1 Con¬ 
sidering the second law of thermodynamics, the 
entropy of an isolated system tends to a maxi¬ 
mum; therefore this quantity is a criterion for the 
direction in which processes can take place. 

This is the principle of the increase in entropy. 
Although it refers to an isolated system, it is 
nevertheless of extremely general application be¬ 
cause all materials that are in any way affected by 
a process may be included within an isolated 
system. 2 

Entropy in Statistical Mechanics 

Classical thermodynamics is concerned only 
with macroscopic systems, and such systems can 
be described by temperature, pressure, volume, 
chemical composition, etc. However, classical 
thermodynamics is not concerned with what hap¬ 
pens on an atomic level. 

This can be illustrated as follows. If the energy 
content of a particular system is known, then 
each of the molecules in the system will not 
necessarily have the same energy (total energy 
of system divided by the total number of mole¬ 
cules). Some molecules will have more or less 
energy than this average energy per molecule, 
but taken as an entirety all of the molecules will 
have an energy corresponding to the energy of 
the system. If the temperature of the system is 
raised from T,to T,, thermodynamically, this is 
considered a single event. On the atomic level 
an immense number of collisions of the mole¬ 
cules occurs, and this change is considered an 
average value of very many events. 3 

Thermodynamics can be applied to the atomic 
level if the methods of statistical mechanics are 
utilized. When dealing with such a large number 
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Figure 1. Some possible arrangements of balls in a box. 


of molecules the specification of the state of each 
separate particle is impossible, and it is neces¬ 
sary to resort to statistical methods. 

Also it should be realized that a thermody¬ 
namic state is comprised of many states on the 
atomic scale, or a thermodynamic state can be 
realized in many ways. These possibilities of 
realization are called micro-states. 1 Let the num¬ 
ber of micro-states be denoted by w, then the 
statistical definition of entropy ( S ) is 

S = k In w (2) 

where k is Boltzmann's constant, and 


where R is the gas constant per mole, and N 0 
is Avogadro's number. 

Entropy tends to a maximum, and this means 
according to equation (2) a tendency towards the 
most probable state. According to this statistical 
interpretation of entropy the second law does 
not hold entirely rigidly. 1 It is not absolutely 
certain, but only highly probable, that the en¬ 
tropy will increase in each process spontaneously 
taking place in an isolated system. 

A logical question to ask is, what is the most 
probable state? The state which can be de¬ 
scribed by the largest number of micro-states 
will be the most probable since it has the greatest 
possibility of appearance. When considering the 
internal configuration of a system there are really 
only two different states, ordered and disordered. 

Since entropy is determined a different way in 
statistical mechanics than in classical thermody¬ 
namics (counting micro-states vs. measuring 
quantities of heat) it would be well to ask the 
question, how close do the results calculated by 
each method check? Fast 1 states that "one of 


the finest achievements of physics and chemistry 
is that these two paths generally lead to the same 
result, while divergences which appear can be 
explained by the theory in a completely satisfac¬ 
tory manner and even serve to endorse it." 

The concept of entropy has become as funda¬ 
mental as the energy concept. Emden 4 writes. 
As a student, I read with advantage a small 
book by F. Walk entitled The Mistress of the 
World and Her Shadow. These meant energy 
and entropy. In the course of advancing 
knowledge the two seem to me to have ex¬ 
changed places. In the huge manufactory of 
natural processes, the principle of entropy oc¬ 
cupies the position of manager, for it dictates 
the manner and method of the whole business, 
whilst the principle of energy does the book¬ 
keeping, balancing credits and debits. 

Entropy and Probability 
To illustrate the relationship of entropy and 
probability a simple example will be discussed. 5 
The aim is to deduce the macroscopic properties 
of a system as statistical resultants of the prop¬ 
erties of its particles, 

A man is blindfolded and has to pack 16 equal¬ 
ized balls in a flat, square box; eight of the balls 
are white and eight are black. He is able to ar¬ 
range the balls in a square pattern in the box 
but will have no control over the distribution of 
the colors. The kind of arrangement that might 
result is shown in Figure 1 (a) when the distribu¬ 
tion is random or disordered. An ordered dis¬ 
tribution as shown in Figure 1 (b) may turn up, 
but is very unlikely. 

There are approximately 13,000 different ways 
of arranging the balls in the box. This is calcu¬ 
lated as follows: If only the white balls are 
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numbered, then each of the N arrangements 
would be realizable in 8! different ways, because 
eight unnumbered white balls can be distributed 
over eight positions in only one way, while eight 
numbered balls can be distributed in 8! distin¬ 
guishable ways. The same reasoning applies to 
the black balls, and the number of possible ar¬ 
rangements would be multiplied by 8!, Consider¬ 
ing 16 possible positions for the balls then N X 
8! x 8! = 16!, and N = 13,000 (approximately). 

(Note: 8! is read the "factorial of 8," and means 
the product of 8 and all the lower integers, in¬ 
cluding 1; i.e., 8X7X6X5X4X3X2X 1.) 

Therefore the chance of the distribution in 
Figure 1 (b) appearing is only about 1 in 13,000. 
The improbability of this particular arrangement 
is not due to the ordered distribution of the 
colors, but to the fact that this is only one of 
many possible distributions all with the same 
probability of appearance. The particular ar¬ 
rangement shown in Figure 1 (a) is equally im¬ 
probable. 

The essential difference between 1 (a) and 1 
(b) is that 1 (a) is in a large class of distributions 
all of which are disordered. Almost all of the 
13,000 distributions fall into this category so that 
the chance of some disordered distribution ap¬ 
pearing is practically unity. The arrangement in 
1 (b) is ordered, and it is unique in this respect. 
Thus the chance of some ordered distribution ap¬ 
pearing is very small. 

In any rearrangement of the balls in the box 
the "system" remains the same, only the internal 
configuration changes. Any natural rearrange¬ 
ment that may occur will normally be to a dis¬ 
ordered state, because of the high number of 





disordered states as compared to the ordered 
states. 

It should be realized from this discussion that 
many different arrangements of atoms in a sys¬ 
tem may give the same total system energy con¬ 
tent. A given temperature, pressure, volume, etc. 
does not necessarily mean the same exact atomic 
arrangement every time this temperature, pres¬ 
sure, volume, etc. are attained. Many different 
atomic configurations are possible within a sys¬ 
tem at a constant temperature, pressure, volume, 
etc. This is particularly true of the solid state 
when considering the number of different ways 
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the atoms and vacancies can be arranged on the 
various lattice sites. 

Considering again equation (2), if according 
to the second law of thermodynamics, S increases 
in any spontaneous process, then w increases; 
which means the arrangement of the particles in 
an isolated system goes toward a more probable 
distribution. Since the number of micro-states 
(w) is greater for the disordered arrangements 
(more possible disordered arrangements), the 
system goes to a more disordered state. There¬ 
fore it can be seen when considering configura¬ 
tion entropy, it is a measure of the disorder in a 
system, and the system tends to go to a more 
disordered state since there is an entropy in¬ 
crease. 

The Effect of Entropy on the Solid State 

Considering crystalline solids, their atoms or 
molecules are arranged in a regular pattern with 
a definite periodic repeat of a basic unit cell. 6 
There are several types of basic unit cells. 

Three types of unit cells are shown in Figure 
2; (a) is body-centered cubic, (b) is face-centered 
cubic, and (c) is simple hexagonal. The white 
spheres represent atoms and the lines between 
the spheres simply help to visualize the basic 
unit structure. Actually the spheres should be 
glued together for, as in the case of metals, the 
outer electron clouds of the atoms overlap and 
the spheres are "touching." 

The resultant crystal structure is imagined by 
stacking in three dimensions these unit cells 
around and on each other. This symmetrical ar¬ 
rangement is grossly misleading for it implies a 
perfect static pattern whereas the crystalline state 
is neither static nor perfect. 6 
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Figure 3. Illustration of a vacant site causing nearest 
neighbor lattice distortion. 


Disorder in solids results from vibration of the 
atoms, presence of impurities, and presence of 
structural defects. For this discussion, only struc¬ 
tural defects such as vacant lattice sites and dis¬ 
locations are considered. Vacant lattice sites are 
classified as point defects and are illustrated in 
Figure 3. The atomic distances around the 
vacant site are distorted because of the missing 
atom and lattice strain is present for some dis¬ 
tance away from the vacancy.' 

Dislocations are line defects, and a very simple 
representation of a dislocation is shown in Figure 
4. This is an edge dislocation and may be con¬ 
sidered in the simplest sense a missing row of 
atoms in part of the crystal lattice, or as an extra 
row of atoms in the other part of the crystal 
lattice that is shown. 



Figure 4. Representation of an edge dislocation. 

The question may be asked: why are these im¬ 
perfections present in solids? Their presence 
causes disorder in the crystalline lattice, and dis¬ 
ordered states are more probable statistically. 
Thus the entropy of the solid is increased by 
having imperfections present, since the solid 
tends toward the most probable state. 

The same argument as developed with the 16 
colored balls can be applied to crystals containing 
10 atoms or more, and the only difference is 

to increase enormously the number of distribu¬ 
tions of the disordered kind, but not of the or¬ 
dered, so that the chance of finding a crystal in 
a disordered state becomes almost certain. 5 From 
equation (2) any state that is more probable 
statistically will cause an increase in entropy, 
and this is the factor that inclines the system to¬ 
wards disordered states. Therefore the second 
law of thermodynamics is satisfied. 

The stability of crystalline disorder is illus¬ 
trated as follows: 8 Consider an elemental crystal 
containing vacancies. There are N atoms ar¬ 
ranged on N atom sites in the crystal. The free 
energy of the perfect crystal is G p . Remove n 
atoms from the crystal and place them on the sur¬ 
face forming n vacant sites. Each of these vacan- 
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cies has an enthalpy of formation AH V and a 
vibrational entropy AS V resulting from the dis¬ 
turbance of the nearest neighbor atoms in the 
lattice. 

There is a configurational entropy change as¬ 
sociated with the formation of n vacancies given 
by 

AS C =S„—S p =klnw—klnw'=kln 

where S n is the entropy of the crystal with n 
vacancies, S p is the entropy of the perfect crystal. 
The number of possible micro-states for the 
crystal with vacancies is w, and w' is the num¬ 
ber of possible micro-states for the perfect crystal. 
Since w' = 1 for the perfect crystal, and there 
are n vacancies and N atoms arranged among 
(N + n) sites, then 

r(N+n)!l 

AS c =klnw—kinJ • 

Using Stirling's approximation 

ASc=—k [Nln(j^;)+nln(^)] 

and 

AG=G„—G p — nAH—T( ASc+nASv) 
where G n is the free energy of the crystal with n 
vacancies, G,.is the free energy of the perfect 
crystal, and AG = AH — TAS. 

Substituting 

G-G„=nAH v +kT[Nln( r ^ n )+nln( I ^J]_ n TAS v (4) 

Separating equation (4) 

G—G,,=n (AH,-T A S v ) +kT[Nln( I ^) +n l n ( N U n |] ( 5 ) 

Figure 5 is a plot of n(AH v —TAS V ),AS C 
and G as a function of n. The entropy contribu¬ 
tion, A S c , is always negative. As can be seen, 
G is a function of n. From Figure 5, G = f(n) 
is simply the algebraic addition of n(AH v — 

TAS) andkT^ln^J+nln^)]. 

Notice that the introduction of vacancies 
lowers the free energy of the crystal until an 
equilibrium concentration is reached, after which 
G increases. Therefore, it is seen that a certain 
number of vacancies are thermodynamically 
stable in crystalline solids (minimum free energy 
is at a point where there are a definite number of 
vacancies present in the solid). As an example, 
using equation 4 in a somewhat simpler form, the 
equilibrium amount of vacancies at a given tem¬ 
perature can be calculated. Considering copper 
at 1000° K for a cubic centimeter of crystal (5 
x 10 22 lattice sites) there should be about 10 16 
vacancies. 8 

Dislocations are thermodynamically unstable. 
A simple calculating shows that the entropy term 




Figure 5. Free energy of a crystal as a function of 
defect concentration. 


for a dislocation is small. Therefore the free 
energy is minimized only if all of the dislocations 
are removed from the crystal. However the pres¬ 
ence of other lattice defects and their action in 
crystals can cause the generation of dislocations. 

Also, an imperfect solid crystal can grow by 
a dislocation mechanism easily from the liquid 
state, whereas the growth of a perfect crystal 
from the liquid is extremely difficult, if not im¬ 
possible. Even if dislocations are considered 
thermodynamically unstable they always have 
been found in solid crystals,'and the mechan¬ 
isms of dislocation generation generally depend 
on other existing lattice defects. 

Solids, particularly those that are crystalline, 
are often looked upon as having a regular struc¬ 
ture. This is not true, since imperfections in the 
lattice of the solid cause disordering of the struc¬ 
ture. This causes an entropy increase in the solid, 
making it more stable thermodynamically. This 
is also the reason it is impossible to obtain ma¬ 
terials that are absolutely pure. 

The same line of reasoning could be used when 
introducing foreign atoms into a perfect crystal 
as when introducing vacancies. Besides increas¬ 
ing the entropy of the crystal by the number of 
possible ways the foreign atoms can be statisti¬ 
cally arranged, the size difference of the foreign 
atom causes lattice strain within the crystal which 
also disorders the parent lattice. 

If a perfectly pure crystal could be made, the 
first time it touched a foreign substance, it would 
tend to absorb and dissolve impurity atoms. The 
only way a perfectly pure substance could be pro¬ 
duced and maintained would be in a perfect 
vacuum, touching nothing. 

It should be realized that imperfections in 
solids are of more than minor importance, since 
they actually control many of the properties of 
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the solids. Such phenomena in metals as elastic 
and plastic deformation, diffusion, precipitation 
hardening, radiation damage, etc. can be ex¬ 
plained by the presence of various lattice imper¬ 
fections, Then, to explain many observed effects 
in solids, it is necessary to assume lattice dis¬ 
order rather than lattice perfection. 

Again, it needs to be stressed that crystalline 
solids are disordered, since many people—includ¬ 
ing some scientists—have an idea that crystals 
have highly ordered, regularly arranged atomic 
structures; thus violating the second law of 
thermodynamics. Such a concept is far from 
the truth. Crystalline solids are more ordered 
than gases and liquids, but they are interlaced 
with structural defects that destroy lattice regu¬ 
larity. 

The Entropy Principle as a Universal Law 

This very simplified discussion of the effect of 
entropy on the solid state can be applied to other 
natural systems to illustrate the stability of dis¬ 
order and randomness. 

Dr. H. M. Morris 1(1 has suggested that the 
principle entropy increase is a direct result of the 
curse God placed on the creation as a result of 
Adam's sin (Genesis 3:17-19). The creation 
process would be of course directly opposite to 
the entropy principle of present scientific proc¬ 
esses. In looking over His newly-finished creation 
the Lord saw that it was very good ( Genesis 
1:31). 

If the perfect holy God created; then the 
creation would be perfect. Here would be per¬ 
fection in nature, perfection in the universe, and 
as for the solid state, perfect crystals. However, 
today we find very little, if any, perfection in 
nature, and this change from order to disorder 
must have occurred by divine edict later than 
Genesis 1:31. He spoke all nature into being, and 
then cursed His perfect creation because of man's 
sin. 

Thus the perfectly ordered crystalline materials 
that God created have degenerated into atomic- 
ally disordered materials because of the operation 
of the second law of thermodynamics. The crys¬ 
talline lattices in solids no longer exhibit order 
but are filled with defects that interrupt order 
and cause disorder. 

Evolution is statistically highly improbable if 
not impossible. From the statistical approach of 
considering entropy increase, an occasional proc¬ 
ess that results in a more ordered, more complex 
product would be possible. However, millions 
and billions of years of constant violations of the 
second law of thermodynamics are impossible if 
this law is valid. Every time a simpler organism 
becomes more ordered and more complex, the 
statistically improbable event occurs. And such 
events are highly improbable. The second law 


of thermodynamics has not been proven wrong 
in any experiments conducted to verify it. 

Creation requires a Creator, and the Creator 
controls His creation and the principles that gov¬ 
ern it. Evolution does not require a creator, and 
depends only on chance and natural selection 
(both are statistical processes). Also all laws of 
science now operating would have always been 
operating, and evolution is supposed to operate 
under present scientific processes. 

However present processes do not favor any 
type of evolutionary development. The question 
of logic may enter the argument; what is more 
logical; a Creator as revealed in His Word doing 
what He said He did, or a process of statistical 
chance always occurring in such a way so as to 
favor the statistically improbable and violate a 
basic scientific law? Romans 1:19-22 has the 
answer to those who choose to believe the latter. 

The Ruin-Reconstruction Theory 

The ruin-reconstruction theory in the Scofield 
Reference Bible (page 3, footnote 3; page 4, foot¬ 
note 3 ) brings up an interesting point concerning 
entropy. The "first" creation had undergone di¬ 
vine judgment, and the earth and all of the re¬ 
mains would then have a high entropy content 
because of the supposed disorder and death. 

Then God places another creation on this one, 
and this new creation would have a low entropy 
content because it was perfect at the end of this 
"new" creation period. The two systems could 
not stay in equilibrium with each other without 
the "latter" creation increasing in entropy. 

Here is a paradox, an old disordered system in 
intimate contact with an ordered system. What 
happened when the newly-created animals and 
man breathed in dust or ate anything from the 
disordered system? The intake in any way of 
any disordered material would destroy the or¬ 
dered perfection of the newly-created creatures. 

Therefore, God would not have had to curse 
His new creation, it was already becoming dis¬ 
ordered immediately after creation. Did God 
then lie to us about the necessity of the curse? 
The disordered system in contact with the new 
creation would have eventually disordered it. 

Would the seeds possibly left over from the 
previous judgment, being disordered (higher en¬ 
tropy content), yield disordered or perfect 
plants? If the ground was already cursed from 
the previous judgment, why did God have to 
curse it again? Was He deceiving us? One could 
ask many questions like this. 

Possible explanations could be given, such as 
God perfecting the earth before the "second" 
creation by ordering the rocks, dirt, fossils, etc. 
before placing the "new" creation on this. How¬ 
ever the Scriptures give no indication of this. Any 
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time Christians deviate from the Word of God 
to try to justify the Word in the light of modern 
science, their theories demand explanation after 
explanation and never solve the problem. 

Why not believe what God said? The Scrip¬ 
tures plainly state the heavens and earth were 
created in six days, and because of Adam's sin 
this creation was cursed, and the principle of en¬ 
tropy increase became operative. 
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Introduction 

The purely mechanistic philosophy of life is so 
prevalent, not only in scholarly works but in pro¬ 
ductions written for children in the public 
schools, that study of the matter from the point 
of view of pure science seems wise. Rainer 
Schubert-Soldern, Professor at the Vienna In¬ 
stitute for Experimental Zoology, Anatomy and 
Physiology, approaches the problem as a physi¬ 
ologist and a mechanist. This review will pre¬ 
sent the position that his mechanistic approach 
resulted in vitalistic conclusions. 

According to the author, the purpose for writ¬ 
ing the book "is to conduct a scientific enquiry 
into the nature of life." (p. xv) Fie further asserts 
that the crux of the problem lies in whether the 
phenomena of life can be explained entirely in 
terms of chemistry and physics. To solve this 
problem Schubert-Soldern states, "Objective, ob¬ 
servable facts alone can be the basis of any 
scientific theory of life," (p. xviii) Fie then sets 
up two criteria upon which to base conclusions, 
namely: 

1. "Every statement we are entitled to must be 
based on sense experience." 

2. "Dualistic views are not admissible unless 
they can be proved lineally upon this one level 
of knowledge." (p. 10) 

Biochemistry: Mechanism and Vitalism 

Since both living and non-living materials are 
composed of elements, Schubert-Soldern states 
that a study of inanimate and animate matter 
must be based on a comparison of the chemistry 


of the two classes of substances. Also, the charac¬ 
teristics of life will be found in any qualities 
which distinguish animate from inanimate sub¬ 
stances. 

Defining a vitalist as one who considers life 
as something which exists in and through matter 
and a mechanist as one who regards matter itself 
alive, the author begins his study of these two 
ancient philosophies by examining elements and 
compounds. This is the mechanistic approach 
and could be expected to result in mechanistic 
conclusions. 

Schubert-Soldern expects to arrive at one of 
three theoretical possibilities, namely: 

1. "A merogenous system consisting of parts, 
which is nothing but the sum of the laws operat¬ 
ing in the parts and which rests upon a merogen¬ 
ous principle. 

2. "A halogenous system, a whole which is 
nevertheless based upon a merogenous principle. 
The forces inherent in the parts generate a whole; 
but the whole is an agglomeration of particles 
and becomes whole, halogenous, through the op¬ 
eration of particles. 

3. "A halogenous system, a whole which is 
constituted by a halogenous principle. Flere the 
principle is a whole which produces a complete 
entity from its parts; by themselves, however, 
the parts could never produce a whole." (pp. 20, 
21 ). 

Using the principle that all things are de¬ 
scribed in terms of the laws governing them the 
author states that an investigation of life must 
begin with the basics, or electrons, and the laws 
governing them. After noting that the same laws 
governing the neutralization of electrons form¬ 
ing an atom also govern the formation of mole¬ 
cules from atoms, the author observed that elec- 
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trons behave differently when united in atoms 
and thus obey different laws. Likewise atoms 
follow different laws when united to form mole¬ 
cules. Schubert-Soldern recognizes both mero- 
genous and halogenous principles operating here. 
He further concludes that no living organism is 
a closed system or a whole from a purely chemi¬ 
cal viewpoint because of the fact that elements 
and compounds freely enter and leave the organ¬ 
ism without being changed in any way. 

On further consideration of biochemistry the 
author points out that "the opposite of 'living' 
is not 'inorganic' but 'dead.'" Individual chemical 
processes in the organism are not unique and 
they can be produced in a test-tube, but in the 
organism the processes produce energy which 
initiates other chemical changes. As long as 
chemicals possess this energy they are parts of 
the living body but when the energy is exhausted 
they are no longer parts of living matter. 

Life is defined as a principle of order which 
causes chemicals to follow processes which do 
not occur in non-living matter. Chemicals in 
non-living matter attain a stability in which sim¬ 
ple compounds are formed and remain constant, 
while living matter is characterized by an in¬ 
stability factor which results in constant chang¬ 
ing of stable simple compounds into unstable 
complex compounds. These unstable complex 
compounds break down into simpler stable com¬ 
pounds on the death of the organism or when 
wastes are formed. 

(Editors’ note: In light of the discussion of 
entropy by Dr. Williams in another article in this 
Quarterly, readers should note that Schubert- 
Soldern oversimplifies stability of non-living mat¬ 
ter.) 

Schubert-Soldern says, "The tendency to in¬ 
stability is not natural to molecules; it must be 
produced by a factor which is not identical with 
the molecules themselves nor with the forces 
residing in them." (p. 61) He further says. 

In isolation each chemical process is a simple 
one; taken all together they reveal a purposive 
co-ordination which in the inorganic world 
would be the height of improbability . . . This 
order, so uncharacteristic of molecules, must 
lie outside the order of the molecules involved 
and it must be purposive, (p. 64) 

Another factor incompatible with mechanism 
is the fact that on being short of food the or¬ 
ganism will burn protein. The author concludes 
that the factor of order is not identical with the 
material which yields the energy because the 
same results are obtained through different proc¬ 
esses—the metabolism of fats, sugars, or pro¬ 
teins. That is, in the living body chemical proc¬ 
esses involved in the metabolism of the three 
basic nutrients are quite different but the end 
product, that of energy, is the same. 


The living organism itself is stable while its 
constituents (molecules) are unstable. When the 
organism loses its stability as a unit the chemicals 
merogenously become stable in the form of sim¬ 
pler compounds. Stability in the chemicals re¬ 
sults in death. "This antagonism between the two 
principles is itself enough to prove the distinct¬ 
ness of animate matter," (p. 68) 

Schubert-Soldern concludes as follows: 

To sum up—the wholeness factor in the 
chemico-dynamic sphere is a halogenous prin¬ 
ciple. What it produces is a totality, a halogen¬ 
ous system. The living organism is an event 
in the chemico-dynamic world; it is a halo¬ 
genous system built upon a halogenous prin¬ 
ciple. The characteristic of both system and 
principle is the ordering of the separate chemi¬ 
cal processes towards a define end. (pp. 70, 
71). 

The Living Body 

Regarding the problem of morphogenesis, 
Schubert-Soldern presents the theories of a num¬ 
ber of scientists and accepts the theory of Driesch 
that there is an external factor involved in the di¬ 
rection of embryological development—that "the 
wholeness factor must exist, therefore, outside 
the cells." (p. 82). 

The author comes to some important conclu¬ 
sions regarding cells. First, he states the follow¬ 
ing: "It is not the separate constituents of the 
cell which live; it is only the cell, which is com¬ 
posed of these various parts, that exhibits the 
phenomena of life; the cell is the morphological 
element of life and its functional unit." (p. 108). 
The cell is dependent on the actualization of two 
potentialities: "(a) the 'form' or order of the cell 
and (b) the chemical laws governing the mole¬ 
cules." (p. 109). 

It is stated that the cell is a concept which is 
based only on actual things. 

All theories which ignore this introduce into 
the empirical sphere something which cannot 
be proved by empirical means. No cell can 
derive its organization as a cell from any other 
source than another cell, in which this objec¬ 
tive organization already exists . . . Because of 
this, and the fact that inanimate molecules 
seem incapable of forming a cell, the idea that 
the original cell at some time developed from 
something else, is very hard to defend. So far 
as we know, too, life never arises except from 
pre-existing cells, (pp. 109,110). 

The functions of the components of the cells 
are explicable only in terms of the co-existing 
functions. The author considers the cell the pro¬ 
totype of the halogenous system. The entelechy 
(wholeness factor found outside cells, not synony¬ 
mous with ontological Platonic idea) controls all 
cell movements and is expressed in the time— 
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form of the cell. Schubert-Soldern concludes his 
discussion of the cell by asserting that "order, 
entelechy, and wholeness all find expression in 
the cell." (p. 115). 

Similar conclusions are reached regarding the 
multicellular organism, the metabiont. The au¬ 
thor states his conclusions in these words: "1. The 
form of the cell produces the cell from the inani¬ 
mate matter. 2. The forma corporis of the 
metabiont produces the metabiont from the 
cells." (p. 148). 

Schubert-Soldern states that "the life factor is 
not concealed within the material substance of 
which the living being is formed. It comes as it 
were from the outside and gives articulation to 
the material." (p. 142). 

The Organism and the Environment 

Schubert-Soldern regards adaptation a phase 
or type of reaction to the environment. All of the 
organism's traits are in some way related to the 
external environment. Regarding adaptation he 
raises a question which he says is the basis of 
the problem of evolution. He states it this way: 
"The fish is commonly said to be adapted to the 
water. Could not one say just as truly that the 
water is adapted to the fish?" (p. 158). 

The mutation theory as a means of adaptation 
is questioned. The mutation of just one gene 
could not produce a new species. Also, on the 
mutation of one gene other genes would have to 
mutate in order to maintain equilibrium. (It is 
interesting to note that the editor of the book 
states in a footnote that these last two statements 
are questionable.) Schubert-Soldern states that 
the "ordered relationship" of organisms to en¬ 
vironment is something real. 

Not only does an organism adapt to environ¬ 
ment but it reacts to environment. These reac¬ 
tions are subject to study by the physiologist, 
but considered in isolation they have no signifi¬ 
cance or purpose. The physiologist, according 
to Schubert-Soldern, is not competent to deal 
with the significance of the purely physiological 
processes which he studies. Thus he places 
philosophy of biochemistry beyond purely me¬ 
chanistic science. 

Reactions of the Organism 

Schubert-Soldern introduces his study of re¬ 
actions with the action of hormones. Using auxin 
as an example he states the following: "Simple 
and mechanical as it is in detail, the process is 
full of meaning and purpose when seen as a 
whole." (p. 182). 

Commenting further on the nature of experi¬ 
mental investigation of physiological processes 
the author points out that the experimenter 
breaks apart a continuous chain of reactions and 
studies them experimentally while the reverse 


is true in studying non-living chemistry where 
the experimenter arranges a sequence of individ¬ 
ual reactions. He emphasizes that "the task of 
science cannot be completed by separation and 
analysis; the analysis must be followed by a 
synthesis." (p. 184). 

Instinct is considered a "natural and orderly 
association of reflexes" (p. 193) with hormonal 
action also involved. Again the author brings 
in teleology when he says, regarding instinct, 
"the way in which reflexes are integrated in in¬ 
stinct reveals a purposive co-ordination, which 
the individual reflexes would never be able to 
create of themselves." (p. 193). 

From chemical behavior, reflex behavior, and 
instinctual behavior, Schubert-Soldern proceeds 
to action based on experience, a type of behavior 
he considers of a higher order. He believes that 
reflexes and instincts are not plastic in the sense 
Pavlov considered conditioned reflexes. That is, 
they cannot be modified though they may be 
counterfeited. 

Action based on experience, such as that of 
an animal offered rewards or punishments, is 
plastic or subject to change. Schubert-Soldern 
rejects Pavlov's conditioned reflex, because Pav¬ 
lov based his theory on analysis which was not 
followed by synthesis and he believes a biologi¬ 
cal approach cannot be complete without a 
synthesis. 

Behavior based on experience is action which 
takes into consideration a situation not yet actual. 
An animal which acts in anticipation of punish¬ 
ment before the punishment comes is consider¬ 
ing experience. This involves memory which 
must be considered an objective fact. According 
to the author such action is based on experience 
and "experience can be acquired only in that 
sphere where instinct is absent." (p. 198). The 
discussion is concluded with another statement 
suggesting Schubert-Soldern's philosophy: "In 
action based on experience 'practice makes per¬ 
fect'; in instinctive action perfection is a free gift 
from heaven above." (p. 201). 

Intelligent action is presented as a purely hu¬ 
man behavior over and above the reactions; hor¬ 
monal, reflex, and instinctive. Animal behavior 
is the result of the stimulation of instinct or it 
results from experience. It always results from 
a situation previously laid down. 

The animal tests and discovers; the human be¬ 
ing thinks and invents. "The human being can 
act a fool. The utmost an animal can do is to 
act, by chance, inappropriately." (p, 204) Con¬ 
tinuing: 

Intelligent action depends first upon insight 

into the real nature of things; secondly, it is 

concerned with conceptual and abstract 
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thought (e.g. both a stone and a piece of metal 
are heavy and can both act as paperweights); 
thirdly, it involves the ability to imagine things 
—things never yet experienced and yet possi¬ 
ble of realization. Thus intelligence gives a 
freedom of existence; things purely imaginary 
can be called into objective existence, (p. 206). 
We see here that Schubert-Soldern draws a 
sharp line between animal and human behavior. 

Conclusions: 

"Life's Ordered Relationship" 

Schubert-Soldern brings his thoughts together 
by stating that all types of reaction are charac¬ 
terized by purposiveness, and that form cannot 
be explained except in terms of purpose. All 
minute physico-chemical reactions in the animate 
body form an ordered whole and all principle 
of adaptation and reaction are also purposive, co¬ 
ordinating the organism with the environment. 
The laws governing life differ from those govern¬ 
ing inanimate matter, being of a higher order. 
The proofs for these conclusions are based on 
four kinds of phenomena: 

1. Biochemical processes reveal a principle of 
wholeness and are characterized by instability. 

2. The "morphe" is a pre-stabilized space and 
time form which objectively influences the matter 
comprising it. 

3. Ecological law of place-relationship reveals 
the ability of the organism to adapt to or fit its 
surroundings. 

4. The capacity of the organism to react to 
stimuli is an ordered relationship with changes 
in environment. (Schubert-Soldern considers the 
evolutionary theory of phylogenetic development 
one phase of reaction to environment.) 

The uniformity discovered in these four points 
of view is what sets apart animate matter. 

Schubert-Soldern approached his study as a 
mechanist. He has this to say about his results: 

... vitalism and mechanism are not merely mat¬ 
ters of one's point of view, that the result one 
obtains is not determined by the position from 
which one sets out ... by persuing the me¬ 
chanistic arguments and the evidence support¬ 
ing them, we actually reached the vitalist posi¬ 
tion. We allowed atoms to be atoms and 
molecules, molecules. We started from them 
and reached vitalism. It was clearly no sub¬ 
jective standpoint that determined the course 
of our proofs, (p. 213). 

That is, the vitalistic conclusion resulted not 
from subjective evaluation of facts, but from 
empirical examination of the facts. 


The author further concludes that life is not 
immanent in matter but in the cell. Also, life 
is immanent in the total organism rather than 
being immanent in the individual cells compris¬ 
ing it. He states we are forced to accept both 
transcendent and immanent potentialities. The 
entelechy is not transcendent but "is an individ¬ 
ual principle of order which does not presuppose 
an anterior existence as substantial form." (p. 
215). 

Schubert-Soldern proposes that all living things 
have purpose, the purpose of achieving whole¬ 
ness; and that this pursuit of wholeness is the 
basic difference between living and non-living 
matter. His conclusion is: "We are therefore 
obliged to recognize a principle of ordered re¬ 
lationship in all life processes, which extends be¬ 
yond the living individual." (p. 227). 

Some Comments of the Reviewer 

This book does not deal in any way with re¬ 
ligious principles. Except for one vague refer¬ 
ence to heaven the author carefully refrains from 
revealing anything of his own convictions. The 
purpose controlling animate matter is not related 
in any way to the purpose of the Creator. The 
origin of matter, of life (except in the reference 
to the difficulty in defending spontaneous genera¬ 
tion), and of the entelechy is not discussed in any 
way. 

Although, the author is an evolutionist, the 
book does not deal with evolution. However, 
the study deals a very telling blow to pure 
mechanism. Since pure mechanism is diametric¬ 
ally opposed to creationism, arguments which are 
so devastating to pure mechanism indirectly sup¬ 
port creationism. Creationism provides an ex¬ 
planation (God) of the purpose and entelechy 
found by Schubert-Soldern. 

Schubert-Soldern used empirical means and 
arrived at a vitalistic conclusion. True, he did 
not examine "life" itself, but he demonstrated 
that the living organism cannot be explained in 
terms of atoms and molecules, alone. 

His conclusions, based on pure science, are 
entirely in harmony with creationist philosophy 
in the sense that he showed that living matter 
is different from non-living matter. However, 
he does not recognize God as the source of his 
entelechy or vitalistic principle. His conclusion 
is a synthesis of vitalism and mechanism. 

This book is somewhat difficult to read be¬ 
cause Schubert-Soldern uses some terms differ¬ 
ently from the way they commonly are used in 
the United States. His arguments become in¬ 
volved at times, and the reader may not agree 
with all of his points. Nevertheless, the book is 
a valuable addition to the library of a creationist. 
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